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Analysis of various biomarkers in exhaled breath allows completely non-invasive 
monitoring of inflammation and oxidative stress in the respiratoiy tract in inflammatory 
lung diseases, including asthma, chronic obstructive pulmonary disease (COPD), cystic 
fibrosis (CF), bronchiectasis and interstitial lung diseases. The technique is simple to 
perform, may be repeated frequently, and can be applied to children, including neonates, 
and patients with severe disease in whom more invasive procedures are not possible. 
Several volatile chemicals can be measured in the breath (nitric oxide, carbon monoxide, 
ammonia), and many non-volatile molecules (mediators, oxidation and nitration products, 
proteins) may be measured in exhaled breath condensate. Exhaled breath analysis may be 
used to quantify inflammation and oxidative stress in the respiratory tract, in differential 
diagnosis of airway disease and in the monitoring of therapy. Most progress has been 
made with exhaled nitric oxide (NO), which is increased in atopic asthma, is correlated 
with other inflammatory indices and is reduced by treatment with corticosteroids and 
antileukotrien.es, but not (^-agonists, In contrast, exhaled NO is normal in CO PD, 
reduced Id CF and diagnostically low in primary ciliary dyskinesia. Exhaled carbon 
monoxide (CO) is increased in asthma, COPD and CF. Increased concentrations of 8- 
isoprostane, hydrogen peroxide, nitrite and 3-ni.tr ©tyrosine are found in exhaled breath 
condensate in inflammatory lung diseases. Furthermore, increased levels of lipid 
mediators are found in these diseases, with a differential pattern depending on the nature 
of the disease process. In the future it is likely that smaller and more sensitive analysers 
will extend the discriminatory value of exhaled breath analysis and that these techniques 
may be available to diagnose and monitor respiratory diseases in the general practice and 
home setting. 

K.eyzvordr. airway inflammation, oxidative stress, nitric oxide, carbon monoxide, exhaled 
breath condensate, non-invasive markers, asthma, chronic obstructive pulmonary disease, 
cystic fibrosis, bronchiectasis, interstitial lung diseases, hydrogen peroxide, eicosanoids, 
products of lipid peroxidation, proteins, cytokines. 


Introduction 

Analysis of breath constituents is a novel non-invasive way of monitoring 
inflammation and oxidative stress in the lungs (Kharitonov and Barnes 2001). 
Although most studies have focused on exhaled nitric oxide, recently several other 
volatile gases, including carbon monoxide, ethane and pentane, have also been 
used. In addition, several endogenous substances (inflammatory mediators, cyto¬ 
kines, oxidants) may be detected in expired breath condensates, opening up new 
perspectives for exhaled breath analysis. 
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Many lung diseases, including asthma, chronic obstructive pulmonary disease 
(COPD), bronchiectasis, cystic fibrosis (CF) and interstitial lung disease, involve 
chronic inflammation and oxidative stress. However, these are not measured 
directly in routine clinical practice because of the difficulties in monitoring 
inflammation. In asthma fibreoptic bronchial biopsies have become the ‘gold 
standard’ for measuring inflammation m the airway wall, but this is an Invasive 
procedure that is not suitable for routine clinical practice and cannot be repeated 
often. It is also unsuitable for use in children and patients with severe disease. 
Symptoms may not accurately reflect the extent of underlying inflammation due to 
differences in perception and masking by bronchodilators in airway disease. In 
asthma, measurement of airway hyper-responsiveness by histamine or methacho- 
line challenge has been used as a surrogate marker of inflammation, but interpret¬ 
ation may be confounded by the use of bronchodilator therapy. Furthermore, it is 
difficult to perform this measurement In children and in patients with severe 
disease. This has led to the use of induced sputum to detect inflammation. This 
method is relatively reproducible and allows the quantification of inflammatory 
cells and mediators (Parameswaran et al. 2000). However, this technique is 
somewhat invasive as it involves inhalation of hypertonic saline, which may induce 
coughing and bronchoconstriction, and it is difficult to use in small children. 
Furthermore, the technique itself induces an inflammatory response, so that it is 
not possible to repeat measurements in less than 24h (Nightingale et al. 1998). 

The need to monitor inflammation in the lungs has led to the investigation of 
exhaled gases and condensates. Non-invasive monitoring may assist in differential 
diagnosis of pulmonary diseases, assessment of disease severity and response to 
treatment. Because these techniques are completely non-invasive, they can be used 
repeatedly to give information about kinetics, they can be used in patients with 
severe disease, which has previously been difficult to monitor, and they can be used 
in children, including infants. Breath analysis is currently a research procedure, 
but there is increasing evidence that it may have an important place in the 
diagnosis and management of lung diseases in the future (Kharitonov and 
Barnes 2000a). This will drive the development of cheaper and more convenient 
analysers, which can be used in a hospital and later in a general practice setting, 
leading eventually to the development of personal monitoring devices for use by 
patients. 


Nitric oxide 

Nitric oxide (NO) is the most extensively studied exhaled marker, and 
abnormalities in exhaled NO have been documented In several lung diseases 
(Kharitonov and Barnes 2000a), particularly asthma (Gustafsson 1998, 
Kharitonov 1999a, Kharitonov and Barnes 2000a). Exhaled NO measurements 
have been standardized in both adults and children (Kharitonov et al. 1997a, 
Anonymous 1999). 


Aleosurement 

Expiratory flow, soft palate closure and dead space air may all influence exhaled 
NO levels. Therefore exhaled NO is usually determined during single-breath 
exhalations against a resistance (Gustafsson et al. 1991, Kharitonov et al. 1994b, 
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1997a, Massaro et al. 1995) to prevent contamination with nasal NO (Kharitonov 
and Barnes 1997, Siikoff et al. 1997), or using reservoir collection with discarding 
of the dead space (Paredi et al. 1998). However, this method has proven difficult 
for some children, who may have trouble maintaining a constant flow, and recently 
a simple flow-driven method for online NO measurements has been developed that 
does not require active patient co-operation (Baraldi et al. 2000). Recently, single 
breath analysis of exhaled NO has been successfully performed in the newborn; 
exhaled air was sampled from the tip of a thin nasal catheter placed in the 
hypopharynx (Artlich et al. 2001). The most commonly used method to measure 
nasal NO is to sample nasal air directly from one nostril using the intrinsic flow of 
the chemiluminescence analyser (Lundberg and Weitzberg 1999). A novel method 
of measuring exhaled NO at several exhalation flow rates has recently been 
described that can be used to approximate alveolar and airway NO production 
(Lehtimaki et al. 2000). NO is continuously formed in the airways. Mixing during 
exhalation between the NO produced by the alveoli and the conducting airways 
explains its flow dependency (Siikoff et al. 1997) and accumulation during breath¬ 
holding (Kharitonov et al. 1996b). A relatively simple and robust two-compart¬ 
ment model of NO has been developed that is capable of simulating many 
important features of NO exchange in the lungs (Tsoukias and George 1998). 
The model assumes that the lung consists of two well-defined, separate regions: a 
rigid airway compartment and a well-mixed, expansile alveolar compartment. Both 
compartments seem to contribute to exhaled NO, and the relative contributions of 
each seem to be a function of minute ventilation (Tsoukias and George 1998). 
Finally, the model suggests that the relationship between exhaled NO at end- 
exhalation may be a simple, effective and reproducible technique for determining 
the relative contribution of the airways and alveoli to exhaled NO. 

It is therefore important to register the flow rate if NO is expressed as a 
concentration. The flow rate recommended in 1997 by a Task Force of the 
European Respiratory Society is 10—lSlmin -1 or 167—250mis -1 (Kharitonov 
et al. 1997a). Most authors have used about lOOmls^ 1 , but a more recent 
recommendation from the American Thoracic Society suggests a flow rate of 
SOmls -1 (Anonymous 1999). 


Factors affecting exhaled NO measurements 

Exhaled and nasal NO in healthy subjects is independent of age, gender and 
lung function (Baraldi et al. 1999a, Ekroos et al. 2000). There is no evidence for 
significant diurnal variation (ten Hasken et al. 1998), and exhaled NO meas¬ 
urements are highly reproducible in normal subjects (Bartley et al. 1999, Purokivi 
et al. 2000). Different phases of the menstrual cycle may influence exhaled NO 
(Kharitonov et al. 1994a), as oestrogen activates nitric oxide synthase-3 (NOS3) in 
airway epithelial cells (Kirsch et al. 1999). 

There are several major factors that can affect NO levels in normal subjects. 
Intravenous, inhaled or digested L-arginine, the substrate for NOS, increases 
exhaled NO levels in normal subjects (Kharitonov et al. 1995a, McKnight et al. 
1997, Sapienza et al. 1998). Conversely, nebulized l-NMMA and l-NAME, non¬ 
specific inhibitors of NOS, reduce exhaled NO (Kharitonov et al. 1994b, Yates 
et al. 1995) and nasal NO (Holden et al. 1999, Sippel et al. 1999). Some routinely 
used tests can transiently reduce exhaled NO, for example, repeated spirometry 
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(Silkoff et al. 1999, Deykiii et al. 2000), physical exercise (Phillips et al. 1996) and 
sputum induction (Piacentini et al. 2000b). Environmental factors such as NO, 
ozone and chlorine dioxide are know to increase exhaled NO levels (Nightingale 
et al. 1999, Olin et al. 1999, van Amsterdam et al. 1999b). Habitual factors such as 
smoking (Kharitonov et al. 1995c, Robbins et al. 1996) and alcohol ingestion 
(Persson and Gustafsson 1992, Yates et al. 1996a) reduce exhaled NO. Upper 
respiratory infection significantly increases exhaled NO (Kharitonov et al. 1995e, 
Murphy et al. 1998) and nasal NO (Ferguson and Eccles 1997). 


Asthma 

Increased levels of exhaled NO have been widely documented in patients with 
asthma (figure 1) (Kharitonov et al. 1994b). The increased levels of exhaled NO in 
asthma are predominantly of lower airway origin (Kharitonov et al. 1996b) and are 
most likely due to activation of NOS2 in airway epithelial and inflammatory cells 
(Hamid et al. 1993, Saleh et al. 1998) (figure 2). However, there may be a small 
contribution from NOS1, as polymorphisms of the NOS1 gene correlate with 
exhaled NO (Wechsler et al. 2000). 


Exposure to proinflammatory stimuli. Elevated NO levels in atopic subjects 
(Adisesh et al. 1998, Frank et al. 1998) are further increased as a result of 
controlled allergen exposure (Kharitonov et al. 1995b), during the grass 
pollen season (Baraldi et al. 1999b), or during exposure to indoor allergens 
(Simpson et al. 1999, Piacentini et al. 2000a). Exhaled NO may represent a 
useful biomarker of individual exposure to air pollutants, as even healthy 
subjects may have elevated exhaled NO levels on days with high outdoor air 
pollution (Steerenberg et al. 1999, van Amsterdam et al. 1999b). This may 
reflect an airway inflammatory response to ozone and nitrogen dioxide 
(Jenkins et al. 1999). 
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Figure 1. Exhaled NO (A) and nasal NO (B) in normal subjects and patients 'with asthma (Kharitonov 

et al. 1996b). 
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Figure 2. (A) Synthesis of NO and NO-related products. (B) Sources of NO in exhaled air. 


Epidemiology. The diagnostic value of exhaled NO measurements to 
differentiate between healthy subjects with or without respiratory 
symptoms and patients with confirmed asthma has been recently analysed 
by Dupont ei al. (1999), who demonstrated a 90% specificity and 95% positive 
predictive value when exhaled NO > 15p.p.b. was used as the cut-off value 
for asthma. 

An increased level of NO may be useful in differentiating asthma from other 
causes of chronic cough (Chatkin et al. 1999), and exhaled and nasal NO may be 
used to identify subjects with atopy, since non-atopic asthmatics have normal 
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exhaled NO (Ludviksdottir et al. 1999). Elevated nasal NO is also related to the 
size of skin test reactivity in asymptomatic asthmatic subjects (Moody et al. 2000). 
This may denote ‘subclinical’ airway inflammation. 

Another potential use of exhaled NO levels in patient management is the 
prediction of future asthma. An elevated exhaled NO level may be found in 
patients with ‘subclinical’ forms of asthma (normal lung function, negative 
bronchodilator tests, elevated sputum eosinophilic cationic protein concentrations) 
(Sovijarvi et al. 1998, Withers et al. 1998). This has been investigated in 
epidemiological studies, in which the reservoir collection of exhaled NO was 
shown to be useful (Stirling et al. 1998, van Amsterdam et al. 1999a). Airway 
responsiveness measurements {PC 20 ) in this ‘high risk’ group make the combina¬ 
tion of exhaled NO and PC 20 a more specific test for allergic asthma. This has 
recently been demonstrated in a study of over 8000 adolescents in Norway 
(Henriksen et al. 2000). Because of the non-invasive nature and practicality of 
exhaled and nasal NO measurements, they may be used cost-effectively for 
screening large populations. 


Disease monitoring. It is difficult to monitor the response to different classes of 
anti-inflammatory drugs in asthma, as there is no single test that can be used 
to quantify airway inflammation. Peripheral blood markers are unlikely to be 
adequate as the most important mediator and cellular responses occur locally 
within the airways. It is clear that different markers of airway inflammation 
should be considered together to monitor asthma (Kharitonov and Barnes 
2000a). 

Exhaled NO has been used to monitor the effect of anti-inflammatory treat¬ 
ment in asthma (Kharitonov ef al. 1996c) and asthma exacerbations, both 
spontaneous and induced by steroid reduction (Kharitonov et al. 1996d, 
Jatakanon et al. 2000). A considerable advantage of exhaled NO is that NO levels 
may increase before any significant changes in other parameters, such as lung 
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Figure 3. Exhaled NO, sputum eosinophils (Eos) and symptoms in patients with and without 
subsequent exacerbation following a reduction in inhaled steroids (from Jatakanon et al. 2000). 


PM3006723594 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



Biomarkers of sortie pulmonary diseases in exhaled breath 


7 


function or sputum eosinophils, and may therefore serve as an early warning of loss 
of control (Kharitonov 1999a, Jatakanon et al. 2000) (figure 3). 

It is most likely that exhaled NO is related to asthma control rather than 
asthma severity (Kharitonov and Barnes 2000a), and that serial NO measurements 
in individual patients over time may be useful in identifying patients requiring 
changes in therapy. In a recent study, Sippel and co-workers have shown that 
exhaled NO is significantly correlated with markers of asthma control, such as 
asthma symptoms within the past 2 weeks, dyspnoea score, daily use of rescue 
medication and reversibility of airflow obstruction (Tamaoki et al. 2000). 
However, exhaled NO levels are not correlated with the following markers of 
asthma severity: history of respiratory failure, health care use or fixed airflow 
obstruction. 


Treatment monitoring. With regard to corticosteroid treatment, a large dose 
(1 mg kg” 1 day -1 for 5 days) of oral prednisolone normalizes exhaled NO in 
infants and young children with wheezing exacerbations (Baraldi et al. 
1999c), whereas the same dose in more severe asthmatic children only 
shifts their exhaled NO down to the levels of mild-to-moderate asthma, in 
spite of an improvement In lung function (Baraldi et al. 1997). A cumulative 
dose of methylprednisolone (180—500 mg) causes a 36% reduction within 50 h 
in the majority of severe adult patients with acute asthma (Massaro et al. 
1995), and a combination of oral prednisolone and inhaled steroids reduces 
exhaled NO by 65% in children with acute asthma (Lanz et al. 1999). 

Recently, it has been shown that NO levels correlate with the percentage 
improvement in the forced expiratory volume in 1 s (FEVj) from baseline to the 
post-steroid (30 mg prednisolone daily for 14 days) post-bronchodilator value. A 
NO level of > 10 p.p.b. at baseline has a positive predictive value of 83% for an 
improvement in FEVj of > 15%, and therefore may be useful in predicting the 
response to a trial of oral steroid in asthma (Little et al. 2000). 

Exhaled NO as an inflammatoty marker sensitive to corticosteroids may be the 
ideal tool to demonstrate a dose^response effect and to adjust the dose in clinical 
practice. It may also be useful in patients using fixed combination inhalers 
(corticosteroids and long-acting |3 2 -agonists) to ensure that inflammation is con¬ 
trolled, as this may be difficult to assess on the basis of symptoms when a long- 
acting bronchodilator is also being taken. 

Exhaled NO behaves as a ‘rapid response 5 marker, as it is extremely sensitive to 
steroid treatment. It may be significantly reduced even 6 h after a single treatment 
with a nebulized corticosteroid (Kharitonov et al. 1996a) or within 2—3 days after 
inhaled corticosteroids (Kharitonov et al. 1996c), showing a maximal effect after 2— 
4 weeks of treatment (Kharitonov et al. 1996c, d, 2000a, Silkoff et al. 1998, 
Jatakanon et al. 1999, Lim et al. 1999, van Rensen et al. 1999). 

We have demonstrated a dose-dependent reduction in exhaled NO and 
improvement in asthma symptoms in mild asthmatics following treatment with 
low doses of inhaled corticosteroids (Kharitonov et al. 2000a), whereas a reduction 
in sputum eosinophils and a similar improvement in symptoms was only observed 
after higher doses (Jatakanon et al. 1999). This suggests that exhaled NO levels 
may be too sensitive to determine whether inflammation is adequately controlled 
(Kharitonov and Barnes 2000a). 
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It is still uncertain whether exhaled NO is useful in directing changes in asthma 
therapy. Recently it has been shown that exhaled NO values above 13 p.p.b. have a 
sensitivity of 0.67 and a specificity of 0.65 to predict a step-up in therapy (Griese 
et al. 2000), but clearly more studies are needed using exhaled NO to direct 
therapy. 

Corticosteroids may reduce exhaled NO by directly inhibiting the induction of 
NOS2 (Guo et al. 2000) or by suppressing the proinflammatory cytokines'that 
induce NOS2. There is inhibition of NOS2 immunoreactivity with inhaled 
corticosteroid treatment in asthmatic patients, and a parallel reduction in immu- 
noreactivity for n itrotyrosine, which may reflect local production of peroxynitrite 
from the interaction of NO and superoxide anions (Saleh et al. 1998). 

Neither short-acting (Kharitonov et al. 1996c, Yates et al. 1997, Lipworth et al. 
2000) nor long-acting (Yates et al. 1997, Aziz et al. 2000) P 2 ~ a S on i sts reduce 
exhaled NO. 

The leukotriene receptor antagonist pranlukast blocks the increase in exhaled 
NO when inhaled corticosteroids are withdrawn (Kobayashi et al. 1999), and 
montelukast rapidly reduces exhaled NO by 15—30% in children with asthma 
(Bisgaard et al. 1999). Antileukotrienes have a moderate effect in patients with 
asthma and seasonal allergic rhinitis (Bratton et al. 1999, Wilson et al. 2000). Both 
formoterol and zafirlukast are equally effective in maintaining asthma control, and 
zafirlukast causes a significant reduction in exhaled NO (Lipworth et al. 2000). 

Nebulized l-NMMA and l-NAME, which are non-selective inhibitors of 
NOS, both reduce exhaled NO in asthmatic patients, although this is not 
accompanied by any changes in lung function (Yates et al. 1995, Gomez et al. 
1998). Aminoguanidine, a more selective inhibitor of NOS2, reduces exhaled NO 
in asthmatic patients, but has little effect in normal subjects, indicating that NOS2 
is an important source of the increased exhaled NO in asthma (Yates et al. 1996b). 

Prostaglandin (PG) E 2 downregulates NOS2 expression (D’Acquisto et al. 
1998), and inhaled PGE 2 and PGF 2 a decrease exhaled NO in normal and 
asthmatic subjects (Kharitonov et al. 1998b). 


COPD 

Exhaled NO levels in stable COPE) (Kharitonov et al. 1995c, Robbins et al. 
1996, Rutgers et al. 1999) and chronic bronchitis (Von Essen et al. 1998) are lower 
than in either smoking or non-smoking asthmatics (Verleden et al. 1999) and are 
not different from normal subjects. This reduction in exhaled NO is due to the 
effect of tobacco smoking, which downregulates epithelial NOS (Su et al. 1998), 
and may reflect increased oxidative stress that may consume NO in the formation 
of peroxynitrite (Eiserich et al. 1998). 

Patients with unstable COPD, however, have high NO levels compared with 
stable smokers or ex-smokers with COPD (Maziak et al. 1998), which may be 
explained by increased neutrophilic inflammation and oxidant/antioxidant imbal¬ 
ance. Eosinophils that are capable of expressing NOS2 and producing NO are 
present in exacerbations of COPD (Saetta et al. 1994). Pulmonary hypertension 
has the opposite effect, as COPD patients with cor pulmonale have low exhaled 
NO levels (Clini et al. 2000), which may reflect impaired endothelial NO release. 

A small proportion of patients with COPD appear to respond to corticoster¬ 
oids; these patients, who are likely to have coexistent asthma, have an increased 
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proportion of eosinophils in induced sputum (Fujimoto et al. 1999). These patients 
also have an increase in exhaled NO (Papi et al. 2000). This suggests that exhaled 
NO may be useful in predicting which COPD patients will respond to long-term 
inhaled corticosteroid treatment. 


CF 

Exhaled and nasal NO levels are significantly lower in CF than in normal 
subjects, despite the intense neutrophilic inflammation in the airways (Balfour- 
Lynn et al. 1996, Thomas et al. 2000) (figure 4A), leading to the release of 
superoxide anions, which convert NO to nitrate and may result in the formation of 
peroxynitrite. Although there is a trend toward both exhaled and nasal NO being 
higher in patients who were not homozygous for the AF508 CF transmembrane 
regulator mutation, there is no strong association between exhaled NO and disease 
severity in CF (Antuni et al. 2000) or infection with Pseudomonas (Thomas et al. 
2000). 


Bronchiectasis and primary ciliary dyskinesia 

An increase in exhaled NO is found in bronchiectasis and the increase in NO is 
related to the extent of disease_as measured by a computed tomography score 
(Kharitonov et al. 1995d). Primary ciliary dyskinesia (PCD), including 
Kartagener’s syndrome, is a genetic disease characterized by defective motility 
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Figure 4. Exhaled and nasal NO in CF (A) (from Thomas et al. 2000) and in PCD (B) (from Loukides 

et al. 1998b). 
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of cilia, in which the levels of exhaled NO are very low compared with normal 
subjects (Loukides et al. 1998b) (Figure 4B). Such low values of exhaled and nasal 
NO are not seen in any other condition and are therefore of diagnostic value. 
Measurement of exhaled NO might be used as a screening procedure to detect 
PCD amongst patients with recurrent chest infections or male infertility due to 
immotile spermatozoa, and the diagnosis of PCD is then confirmed by the 
saccharine test, nasal NO, ciliary beat frequency and electron microscopy (Bush 
2000). Low" levels of exhaled and nasal NO in PCD patients are related to 
mucociliary dysfunction (Loukides et al. 1998b, Tamaoki et al. 2000), and 
treatment with the NO donor n-arginine increases nasal NO and also improves 
mucociliary transport in PCD patients (Loukides et al. 1998b, Kharitonov and 
Barnes 2000a). The mechanism for such a low NO production by nasal and airway 
epithelia in PCD is unknown, but it might be linked to genetic abnormalities in 
NOS2 gene expression, as in CF. 


Interstitial lung diseases 

In patients with systemic sclerosis who have developed pulmonary hyperten¬ 
sion, there is a reduction m exhaled NO compared with normal subjects and 
patients with interstitial lung disease without pulmonary hypertension 
(Kharitonov et al. 1997b, Rolla et al. 2000). There is strong expression of 
nitrotyrosine and NOS2 in macrophages, neutrophils and alveolar epithelium in 
the lungs of patients with idiopathic pulmonary fibrosis with active inflammation 
during the early to intermediate stage of the disease (Saleh et al. 1997). This is 
consistent with elevated levels of exhaled NO in patients with fibrosing alveolitis. 
Increased exhaled NO levels are associated with disease activity, as assessed by 
bronchoalveolar lavage (BAL) lymphocyte counts, and are reduced in patients 
treated with corticosteroids (Paredi et al. 1999b). Cytokines, including tumour 
necrosis factor-a (TNFa) and interferon-q, are increased in the pulmonary 
inflammation of sarcoidosis, and there is an upregulation of NOS2 in the 
respiratory epithelium and granulomata (Moodley et al. 1999). The magnitude 
of the rise in exhaled NO in sarcoidosis may be related to the activity of the disease 
and is reduced by steroid therapy. This is perhaps the reason behind two 
conflicting observations reporting either elevated (Moodley et al. 1999) or normal 
(O’Donnell et al. 1997) exhaled NO in patients with active pulmonary sarcoidosis. 


Occupational diseases 

Laboratory animal allergy (LAA) is among the highest occupational risks for 
asthma. Exhaled NO is raised in subjects with LAA symptoms and correlates with 
symptom severity (Adisesh et al. 1998). The progressive increase in exhaled NO 
from asymptomatic to early LAA to symptomatic asthma suggests that exhaled 
NO measurements may be useful in monitoring occupational asthmas and the 
environmental health effects of air pollution in epidemiological surveys (van 
Amsterdam et al. 2000). Recently, measurement of exhaled NO and induced 
sputum were evaluated in occupational asthma. Aluminium potroom workers 
(exposure to dust and fluorides) with asthma-like symptoms had higher concen¬ 
trations of exhaled NO than those with no symptoms (Lund et al. 2000), 
suggesting that exhaled NO may be an early marker of airway inflammation in 
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potroom workers. High levels of exhaled NO and asthma-like symptoms in 
subjects with occupational exposure to high levels of ozone and chlorine dioxide 
(Olin et al. 1999), or in swine confinement workers (Von Essen et al. 1998), may 
indicate the presence of chronic airway inflammation. 


Infections 

Exhaled, but not nasal NO, is elevated during viral infections in adults and 
children (Kharitonov et al. 1995e, Ferguson and Eccles, 1997). Exhaled NO is also 
increased in experimental human influenza (Murphy et al. 1998) and rhinovirus 
infection (de Gouw et al. 1998). The increase in NO production during viral 
infection is likely to be protective, as NO inhibits virus replication either by 
inhibiting viral RNA synthesis, or/and by S-nitrosylation of the cysteine proteases 
that are critical for the virulence and replication of viruses (Saura et al. 1999). 
Exhaled (Loveless et al. 1997) and nasal NO (Palm et al. 2000) in human 
immunodeficiency virus (HIV)-positive individuals is less than in control subjects, 
and NO synthesis is further depressed in terminally ill HIV patients (Evans et al. 
1 994), suggesting that low NO may indicate a mechanismof impaired host defence 
in HIV infection. NO plays an important role in resistance to Mycobacterium 
tuberculosis infection, and exposure of extracellular M. tuberculosis to <100 p.p.m. 
of NO for a short period (<24h) results in microbial killing (Long et al. 1999). 
Elevated exhaled NO and NOS2 expression in alveolar macrophages is found in 
patients with active tuberculosis and is reduced with antituberculosis therapy 
(Wang et al. 1998). Nitrate concentrations are significantly higher in BAL in 
immunosuppressed children with pneumonia than in normal control subjects 
(Grasemann e£ al. 1997), and elevated exhaled NO levels are found in patients 
with lower respiratory tract inflammation and chronic bronchitis (Von Essen et al. 
1998). 


Lung cancer 

The levels of nitrite in epithelial lining fluid and exhaled NO are significantly 
higher in patients with lung cancer compared with control subjects, and are 
correlated with the intensity of NOS2 expression in alveolar macrophages (Liu 
et al. 1998). The level of nitrite is also significantly higher in epithelial lining fluid 
from cancer patients, but the increased NO production is not specific to the 
tumour site and may be due to a tumour-associated non-specific immunological 
and inflammatory mechanism. 


Adult respiratory distress syndrome 

Adult respiratory distress syndrome (ARDS) is associated with a neutrophilic 
alveolar inflammation. In animal models of ARDS induced by endotoxin there is 
increased production of NO (Stewart et al. 1995). Exhaled NO values are low, 
presumably because of the concomitant oxidative stress and consumption of NO 
by superoxide anions to form peroxynitrite (Brett and Evans, 1998). Association of 
reduced exhaled NO levels with the increases in the pulmonary artery pressure and 
the alveolar-arterial oxygen difference and the decrease in lung compliance (Ishibe 
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et al. 2000) suggest that exhaled NO may an indicator of lung injury in adult 
patients after cardiopulmonary bypass. 


Carbon monoxide 

Carbon monoxide (CO) is a gas that can be formed endogenously and is 
detectable in exhaled air. There are three major sources of CO in exhaled air: 
enzymatic degradation of haem, non-haem-related release (lipid peroxidation, 
xenobiotics, bacteria) and exogenous CO. The predominant endogenous source 
of CO (~85%) in the body is from the degradation of haemoglobin by the enzyme 
haem oxygenase (HO), and approximately 15% arises from degradation of myo¬ 
globin, catalase, NOSs, guanylyl cyclase and cytochromes (Berk et al. 1974). 

The alveoli are the predominant site of exhaled CO in normal subjects 
(Kharitonov et al. 2000b). The fact that breathing through the nose increases 
the CO levels obtained in the exhaled air (Andersson et al. 2000) suggests that the 
nose and paranasal sinuses may also contribute to the CO production of the human 
airways. 

The use of exhaled CO as a marker to assess different diseases (cardiovascular, 
diabetes and nephritis) was first described in Russia in 1972 (Nikberg et al. 1972). 
Over the last 20 years exhaled CO has been measured to identify current and 
passive smokers, to monitor bilirubin production, including hyperbilirubinaemia 
in newborns, and in the assessment of lung diffusion capacity. CO can be 
quantified by a number of different techniques. In humans most of the meas¬ 
urements have been made using electrochemical CO sensors. The sensor is 
selective, gives reproducible results (Kharitonov et al. 1998a) and is inexpensive. 
End-tidal exhaled CO measurements can be made during a single exhalation and is 
a routine procedure in cooperative adults. It can also be easily performed in 
children over 5 years of age (Uasuf et al. 1999). A method for measuring CO in 
nasally sampled exhaled air in non-cooperative neonates has been developed that 
involves the relatively non-invasive placement of a small catheter into the posterior 
of the nasopharynx and collection of breath samples either manually or auto¬ 
matically (Vreman et al. 1996). 


Asthma 

Elevated levels of exhaled CO have been reported in stable asthma (Zayasu et al. 
1997), with normal levels in patients treated with inhaled corticosteroids. The 
difference in exhaled CO between normal and asthmatic subjects, however, is 
much less than for exhaled NO (Kharitonov 1999b), and the effect of inhaled 
steroids on exhaled CO in mild asthma patients, as has been reported recently, is 
negligible (Lim et al. 2000). Significantly elevated CO levels are found in patients 
with severe asthma (Stirling et al. 2000), including patients treated with 30 mg of 
prednisolone for 2 weeks (Biernacki et al. 1999). In view of the simplicity of CO 
measurements and the portability of CO analysers, exhaled CO may be useful for 
the non-invasive monitoring of paediatric asthma. For example, children with 
persistent asthma despite treatment with steroids, which reduces their NO levels, 
have significantly higher exhaled CO compared with those with infrequent 
episodic asthma (Uasuf et al. 1999). 
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COPD 

A major limitation of exhaled CO in COPD is the marked effects of cigarette 
smoking, which masks any increase that may occur due to the disease process. 
There is no difference in exhaled CO in patients with chronic bronchitis (without 
airflow obstruction) when compared with normal subjects (Delen et al. 2000). 
However, exhaled CO levels are elevated in ex-smoking COPD patients (Culpitt 
et al. 1998), suggesting ongoing oxidative stress or inflammation. HO is induced in 
fibroblasts exposed to cigarette smoke (Muller and Gebel 1998). There is an 
increase in exhaled CO during acute exacerbations of COPD, with a decline after 
recovery (Biernacki et al. 1998). 


Bronchiectasis, CF and interstitial lung disease 

Exhaled CO levels are elevated in patients with bronchiectasis, irrespective of 
whether or not they are treated with inhaled corticosteroids (Horvath et al. 1998b). 
In contrast to NO, exhaled CO levels are markedly elevated in stable CF patients 
(Paredi et al. 1999c, 2000), increase further during exacerbations and are reduced 
with antibacterial treatment (Antuni et al. 2000) (figure 5). We have shown that 
patients homozygous for the CF transmembrane regulator AF508 mutation have 
higher exhaled CO levels than heterozygous patients (Paredi et al. 1999c). 

Elevation of exhaled CO is related to lung function deterioration (Antuni et al. 
1999a) and impaired gas transfer in patients with cryptogenic fibrosing alveolitis 
and scleroderma (Antuni et al. 1999b). Elevated levels of exhaled CO in patients 
with fibrosing alveolitis are also associated with disease activity as assessed by BAL 
cell counts (Paredi et al. 1999b). This suggests that exhaled CO may be used to 
monitor disease progression and response to therapy in interstitial lung diseases. 


A 


B 



Control CF 

stable unstable 


Admission Day 7 


Figure S. Exhaled CO in CF: effect of disease severity (A) and antimicrobial treatment (B) (from 

Antuni el al. 2000). 
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Infections and other conditions 

HOI is induced by many infectious agents and may provide protection to cells 
against attack by infectious agents. Upper respiratory tract viral infections may 
induce the expression of HOI, resulting in increased exhaled CO in adults 
(Yamaya et al. 1998) and children (Uasuf et al. 1999). Elevated exhaled CO levels 
might provide an early warning signal for an acute infective episode, which may 
lead to exacerbation of asthma and COPD. Elevated levels of CO have been 
measured in patients with lower respiratory tract infection in general practice, and 
were significantly reduced after 5 days’ treatment with antibiotics (Biernacki et al. 
1998). 

Critically ill patients have a significantly higher CO concentration in exhaled 
air as well as total CO production compared with healthy controls (Scharte et al. 
2000). Interestingly, the levels of exhaled CO in these patients are similar to the 
levels seen in severe asthma and may be a reflection of systemic rather than local 
oxidative stress. Exhaled CO levels are also increased in diabetes, and the level is 
significantly related to the level of hyperglycaemia (Paredi et al. 1999a). The 
mechanism is unclear, but hyperglycaemia and oxidative stress in uncontrolled 
diabetes may activate HOI. 


Exhaled breath condensate 

The detection of non-volatile mediators and inflammatory markers from the 
respiratory tract involves invasive techniques, such as BAL or induced sputum. 
They cannot be repeated within a short period of time because of their invasive- 
ness, and because the procedures themselves may induce an inflammatory re¬ 
sponse. Exhaled breath condensate is collected by cooling or freezing exhaled air 
and is totally non-invasive (figure 6). The collection procedure has no influence on 
airway function or inflammation, and there is accumulating evidence that abnorm¬ 
alities in condensate composition may reflect biochemical changes in the airway 
lining fluid. Several non-volatile chemicals, including proteins, have now been 
detected in breath condensates. The first studies identifying the surface-active 
properties, including pulmonary surfactant, of exhaled condensate were published 
in Russia in the 1980s (Sidorenko et al. 1980, Kurik et al. 1987) and since then 
several inflammatory mediators, oxidants and ions have been identified in exhaled 
breath condensates. 
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Origin 

Potentially, condensate measurements reflect different markers and molecules 
derived from the mouth (oral cavity and oropharynx), tracheobronchial system and 
alveoli, and the proportional contributions of these different sources has not yet 
been sufficiently studied. It is assumed that airway surface liquid becomes 
aerosolized during turbulent airflow, so that the contents of the condensate reflects 
the composition of the airway surface liquid, although large molecules may not 
aerosolize as well as small soluble molecules. A strong correlation between the 
levels of CO 2 and O 2 in exhaled fluid and exhaled breath (von Pohle et al. 1992) 
suggests that aerosol particles exhaled in human breath reflect the composition of 
the bronchoalveolar extracellular lining fluid. 


Factors affecting measurements 

Several methods of condensate collection have been described. The most 
common approach is to ask the subject to breathe tidally via a mouthpiece through 
a non re-breathing valve in which inspiratory and expiratory air is separated. 
During expiration the exhaled air flows through a condenser, which is cooled to 
0°C by melting ice (Montuschi et al. 1999) or to — 20°C by a refrigerated circuit 
(Scheideler et al. 1993), and the breath condensate is then collected into a cooled 
collection vessel. A low temperature may be important for preserving labile 
markers such as lipid mediators during the collection period; it usually takes 
between 10 and 15 min to obtain 1—3 ml of condensate. Exhaled condensate may be 
stored at — 70°C and is subsequently analysed by gas chromatography and/or 
extraction spectrophotometry, or using enzyme-linked immunosorbent assays 
(ELISAs). 

Salivary contamination may influence the levels of several markers detectable 
in exhaled breath condensate. High concentrations of eicosanoids (thromboxane 
B 2 , leukotriene B 4 , PGF 2 a ), but low levels of PGEj and prostacyclin have been 
found in the saliva of children with acute asthma (Mozalevskii et al. 1997). In 
addition, the presence of high concentrations of nitrite/nitrate in the diet may 
affect NO-related markers in condensate (Zetterquist et al. 1999). It is therefore 
important to minimize and monitor salivary contamination. Subjects should rinse 
their mouth before collection and keep the mouth dry by periodically swallowing 
their saliva. .Salivary contamination, measured by the amylase concentration in the 
condensate, should be routinely monitored. In most of the reported studies, 
amylase has been measured in the condensate and no salivary contamination has 
been detected ( Scheideler et al. 1993, Horvath et al. 1998a, Loukides et al . 1998a). 
Subjects should wear a nose clip in order to collect only mouth-conditioned 
exhaled air into the collection system. Flushing the nose with helium may help 
to reduce contamination of the exhaled breath with nasal air, which contains high 
levels of NO that may potentially influence the results of NO-related markers 
(nitrite/nitrate, S-nitrosothiols) (Ho et al. 1998). Another approach to exclude 
nasal contamination is to collect the condensate during a series of exhalations 
against a resistance (Ho et al. 1998). However, it has not yet been shown that nasal 
NO affects measurements in exhaled condensate. The quantity of exhaled con¬ 
densate is dependent on the ventilation volume per unit time (minute volume), but 
this does not affect the concentration of mediators (Montuschi et al. 1999, 
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Reinhold et al. 1999). It is also dependent on exhaled air temperature and 
humidity (Paredi P et al., unpublished observation). 


Hydrogen peroxide and thiobarbituric acid-reactive products 

Activation of inflammatory cells, including neutrophils, macrophages and 
eosinophils, results in increased production of OJ, which by undergoing sponta¬ 
neous or enzyme-catalysed dismutation lead to formation of H 2 O 2 . As H 2 O 2 is less 
reactive than other reactive oxygen species, it has the propensity to cross biological 
membranes and enter other compartments. Because it is soluble, increased H 2 O 2 
in the airway equilibrates with air (Dohlman et al. 1993), and has potential as a 
marker of oxidative stress in the lungs. 

Asthma. H 2 O 2 has been detected in exhaled condensate in healthy adults and 
children, with increased concentrations in asthma (Dohlman et al. 1993, 
Jobsis et al. 1998). Asthmatic patients also exhale significantly higher levels of 
thiobarbituric acid-reactive products (TBARs), which indirectly reflect 
increased oxidative stress (Antczak et al. 1997). 

COPD. Cigarette smoking causes an influx of neutrophils and other 
inflammatory cells into the lower airways, and five-fold higher levels of 
H 2 O 2 have been found in the exhaled breath condensate of smokers 
compared with non-smokers (Nowak et al. 1996). Levels of exhaled H 2 O 2 
are increased compared with normal subjects in patients with stable COPD, 
and are further increased during exacerbations (Dekhuijzen et al. 1996, 
Nowak et al. 1998). 

Other lung diseases. Increased H 2 O 2 levels in exhaled breath condensate have 
been found in ARDS (Baldwin et al. 1986, Heard et al. 1999) bronchiectasis 
(Loukides et al. 1998a) and following lobectomy/pneumonectomy in patients 
with lung carcinoma (Lases et al. 2000), indicating increased oxidative stress 
in these conditions, and are significantly reduced during antibiotic treatment 
in patients with infective exacerbations of CF (Jobsis et al. 2000). 


Eicosanoid s 

Eicosanoids are potent mediators of inflammation and are responsible for 
vasodilatation/vasoconstriction, plasma exudation, mucus secretion, bronchocon- 
striction/bronchodilatation, cough and inflammatory cell recruitment. 

Prostanoids. There is an increased expression of inducible cyclo-oxygenase 
(COX2), which forms prostaglandins and thromboxane in asthma, COPD 
and CF, and exhaled PGE 2 and PGF 2£ , are markedly increased in patients 
with COPD, whereas these prostaglandins are not significantly elevated in 
asthma (Kharitonov and Barnes 2001). In contrast, thromboxane B 2 (TxB 2 ) 
is increased in asthma but is not detectable in normal subjects or in patients 

with COPD. 
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Nitrotyrosine Leukotrienes 

LTE4/C4/D4 ltb 4 


Figure 7. Exhaled nitrotyrosine and Ieukotrienes before and after steroid •withdrawal in patients with 
moderate asthma (from Kanazawa et al. 2000a). 


Leukotrienes. Leukotrien.es (LTs), a family of lipid mediators derived from 
arachidonic acid via the 5-lipoxygenase pathways, are potent constrictors and 
pro-inflammatory mediators that contribute to the pathophysiology of 
asthma. The cysteinyl-Ieukotrienes (cys-LTs) LTC 4 , LTD 4 and LTE 4 are 
generated predominantly by mast cells and eosinophils, and are able to 
contract airway smooth muscle, cause plasma exudation and stimulate 
mucus secretion, as well as recruiting eosinophils (Leff 2000). In contrast, 
LTB 4 has potent chemotactic activity towards neutrophils (Larfars et al. 
1999). 

Detectable levels of LTB 4 , LTC 4 , LTD 4 , LTE 4 and LTF 4 have been reported 
in the exhaled condensate of asthmatic and normal subjects (Becher et al. 1997, 
Hanazawa et al. 2000a). In mild asthmatic patients levels of LTE 4 , LTC 4 and 
LTD 4 in exhaled condensate are increased during the late asthmatic response to 
allergen challenge (Hanazawa et al. 2000b). The levels of LTE 4 , LTC 4 and LTD + 
in breath condensate are elevated significantly in patients with moderate and severe 
asthma (Hanazawa et al. 2000a). Steroid withdrawal in moderate asthma leads to 
worsening of asthma and a further increase in exhaled NO and the concentration of 
LTB 4 , LTE 4 , LTC 4 and LTD 4 in the exhaled condensate (Hanazawa et al. 2000b) 
(figure 7). LTB 4 concentrations are increased in exhaled breath condensate of 
patients with COPD (Kharitonov and Barnes 2001) and in moderate and severe 
asthma (Hanazawa et al. 2000a). This suggests that LTB 4 may be involved in 
exacerbations of asthma and may contribute towards neutrophil recruitment. 

Isoprostanes. Isoprostanes are a novel class of prostanoids formed by free 
radical-catalysed lipid peroxidation of arachidonic acid. They are initially 
formed esterified in membrane phospholipids, from which they are cleaved 
by a phospholipase A 2 . They circulate in plasma, are excreted in urine and 
can also be detected in exhaled breath condensate and BAL. 

Asthma. Exhaled 8 -isoprostane levels are approximately doubled in mild 
asthma compared with normal subjects, and increased by about three-fold 
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in those with severe asthma, irrespective of their treatment with 
corticosteroids (Montuschi et al. 1999). The relationship to asthma severity 
is a useful aspect of this marker, in contrast to exhaled NO . The relative, lack 
of effect of corticosteroids on__exhaled 8-isoprostane has been confirmed in a 
placebo-controlled study with two different doses of inhaled steroids 
(Kharitonov et al. 2000a). This provides evidence that inhaled 
corticosteroids may not be very effective in reducing oxidative stress. 
Exhaled isoprostanes may a better means of reflecting disease activity than 
exhaled NO. 

COPD. The concentration of 8-isoprostane in exhaled condensate is increased 
in normal cigarette smokers, but to a much greater extent in COPD patients 
(Montuschi et al. 2000a). Interestingly, exhaled 8-isoprostane is increased to 
a similar extent in COPD patients who are ex-smokers as in smoking COPD 
patients, indicating that the exhaled isoprostanes in COPD are largely 
derived from oxidative stress from airway inflammation rather than from 
cigarette smoking. 

Interstitial lung disease and CF. 8-Isoprostane is detectable in BAL fluid of normal 
subjects and is increased in patients with sarcoidosis, cryptogenic fibrosing 
alveolitis and fibrosing alveolitis associated with systemic sclerorosis, 
suggesting a higher level of oxidant stress and greater lung injury in these 
patients than in sarcoidosis (Montuschi et al. 1998). Elevated levels of 8- 
isoprostane have been detected in plasma (Collins et al. 1999). Concentrations 
of 8-isoprostane in the breath condensate of patients with stable CF are 
increased about three-fold compared with normal subjects (Montuschi et al. 
2000 b). 


Products of lipid peroxidation 

Significantly higher concentrations of primary (diene conjugates) and second¬ 
ary (ketodienes) products of lipid peroxidation have been found in exhaled 
condensate and in bronchial biopsy samples from patients with COPD and chronic 
bronchitis compared with normal subject (Khyshiktuev et al. 1996, Ignatova et al. 
1998). Increased levels of free fatty acids, including linoleic and arachidonic acids, 
have been measured in exhaled condensate and sweat in children (Prokhorova et al. 
1998) and adults (Komar et al. 1996) with acute pneumonia and lung oedema 
(Gichka et al. 1998). In contrast, the level of lipid peroxidation in cancer patients 
was significantly reduced compared with healthy controls (Khyshiktyev et al. 
1994). Exhaled condensates may be used in the prenatal diagnosis of fetal hypoxia, 
as significantly higher levels of diene conjugates and malonic dialdehydes have 
been found in pregnant women who gave birth to babies with severe fetal and 
neonatal hypoxia (Khyshiktueva et al. 1998). Recent studies suggest that the 
increased permeability in patients with interstitial lung disease results in an 
increase in alveolar-to-vascular leakage of surfactant proteins A and D 
(Takahashi et al. 2000). The system of clearance of these proteins from the 
circulation is unknown at present, but if they are detectable in exhaled breath 
condensate this may be the best practical examination for this disease. 
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Vasoactive amines 

Elevated levels of acetylcholine, serotonin and histamine, which were related to 
the severity of airway inflammation, airway obstruction and airway hyper-respon¬ 
siveness, have been reported in exhaled breath condensate in asthma (Goncharova 
et al. 1989) and acute bronchitis (Goncharova et al. 1996). High levels of 
acetylcholine, catecholamines, histamine and serotonin, and low levels of cortisol 
and thyroxine, have been reported in exhaled condensate in coal miners with the 
early stages of silicosis (Dzhangozina et al. 1999). 


NO-re!ated products 

NO reacts with superoxide to yield peroxynitrite, which can be trapped by 
thiol-containing biomolecules such as cysteine and glutathione to form S-nitro- 
sothiols or can be oxidized to nitrate and nitrite (Stamler 1995). Nitrogen 
intermediates such as peroxynitrite can induce a number of covalent modifications 
in various biomolecules, such as nitroso- and nitro-adducts. One such modification 
yields 3-nitrotyrosine, and detection of this adduct in proteins is now commonly 
used as a diagnostic tool to identify the involvement of NO-derived oxidants in 
many disease states (van Der et al. 1999). 

Astfima. High levels of nitrite have been found in the exhaled breath 
condensate (Hunt et al. 1995) of asthmatic patients, especially during acute 
exacerbations (Hunt et al. 1995).The ratio of airway wall thickness to lumen 
diameter measured by high resolution computed tomography is significantly 
correlated with the sputum concentration of nitrite/nitrate (Gabazza et al. 
2000). In fact, we have shown that nitrotyrosine, a stable product of 
peroxynitrite decomposition, in exhaled breath condensate is increased in 
mild steroid-naive asthma and is reduced in patients with severe asthma 
receiving steroid therapy (Hanazatva et al. 2000a). However, increased levels 
of nitrotyrosine in exhaled breath condensate are associated with worsening 
of asthma symptoms and deterioration of lung function during inhaled 
steroid withdrawal in moderate asthma (Hanazawa et al. 2000b), suggesting 
that nitrotyrosine may be not only a predictor of asthma deterioration, but 
may play a key role in the pathogenesis of airway remodelling. 

The levels of S-nitrosothiols in exhaled breath condensate are reduced after 
3 weeks of treatment with a high (400 fig daily) but not a low dose (lOOfrg daily) of 
inhaled budesonide (Kharitonov et al. 2000a). In contrast, there is a rapid and 
dose-dependent reduction in nitrite/nitrate in exhaled breath condensate in the 
same mild asthmatics, suggesting that nitrite/nitrate are more sensitive to anti¬ 
inflammatory treatment. 

COPD. Chronic oxidative stress presented to the lung by cigarette smoke may 
decrease the availability of thiol compounds and may increase decomposition 
of nitrosothiols, explaining elevated levels of S-nitrosothiols in exhaled 
condensate in healthy smokers that are related to smoking history (Corradi 
et al. 2001). Levels of exhaled nitrite/nitrate are increased in COPD 
(unpublished observation). A significant negative correlation between FEVj 
and the amount of nitrotyrosine formation has been demonstrated in patients 
with COPD, but not in those with asthma or in normal subjects (Ichinose 
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et al. 2000), suggesting that NO produced in the airways is consumed by its 
reaction with superoxide anion and/or peroxidase-dependent mechanisms 
and that reactive nitrogen species play an important role in the pathobiology 
of the airway inflammatory and obstructive processes in COPD. 


CF and other lung diseases. Elevated levels of nitrite and nitrate (Ho et al. 1998) 
and nitrotyrosine (Balint et al. 2001) have been found in exhaled condensate 
of patients with CF during both stable periods and exacerbations. In children 
with CF and normal lung function, however, the nitrite/nitrate 
concentrations in BAL are normal and the concentrations of S-nitrosothiols 
are reduced (Grasemann et al. 1999). Nitrite and nitrate concentrations are 
increased in exhaled breath condensate of patients with active pulmonary 
sarcoidosis (O’Donnell et. al. 1997). 


Ammonia 

Ammonia (NH 3 ), a product of urease hydrolysis of urea to ammonia and 
carbamate, is one of the key steps in the nitrogen cycle. Ammonia in the 
respiratory tract may be able to neutralize inhaled acid vapours and aerosols, 
mitigating the pulmonary effects of pollution (Norwood et al. 1992), and has the 
potential to regulate NOS activity. Thus, plasma of patients with uraemia has an 
inhibitory effect on NOS3 in a human endothelial cell line and NOS2 in murine 
macrophages (Arese et al. 1995). 

The first measurements of exhaled NH 3 were used to assess different food 
supplements given during space flights in the 1970s (Vysotskii 1975). Recently, 
using selected ion flow tube mass spectrometric techniques, the levels of alveolar 
exhaled ammonia (in the range from 200 to 1750p.p.b.) have been detected from 
single exhalations in healthy volunteers who have ingested a liquid protein meal 
(Spanel et al. 1998). 

Exhaled breath ammonia may be an important counteracting agent in a variety 
of respiratory conditions, as a low pH in exhaled breath condensate has recently 
been reported in asthma (Hunt et al. 2000). Exposure to ammonia gas in the 
workplace is significantly associated with an increase in respiratory symptoms and 
asthma (Ballal et al. 1998). It has been shown that elevated levels of urea can be 
used to predict oxidative stress, as the levels of urea in saliva are significantly 
increased after chronic hyperbaric oxygen exposure (Volozhin et al. 1998). The 
fact that acidic rinsing results in a considerable (90%) reduction in exhaled 
ammonia lasting for lh in normal subjects (Norwood et al. 1992) should be 
considered when ammonia is measured in exhaled condensate. 

Ammonia is an important pathogenic factor for certain bacteria such as 
Cryptococcus neoformans, which is a significant human pathogenic fungus that 
produces large amounts of urease (Cox et al. 2000). Exhaled ammonia levels 
measured by chemiluminescence are not different between normal subjects and 
patients with stable CF, but are significantly higher in asthma and in normal 
subjects with upper respiratory tract infections (Kharitonov and Barnes 2000b). It 
is possible that measurements of exhaled ammonia might differentiate between 
viral and bacterial infections in a variety of lung diseases. 
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Electrolytes 

Increased airway fluid osmolality in the lower airways as a result of exercise 
may activate mast cells and cause subsequent bronchoconstriction m a subset of 
asthmatics. A deficiency in magnesium and an elevation in calcium concentrations 
in exhaled breath condensate have been reported in atopic asthma (Emel’ianov 
et al. 1995), although a histamine-induced decrease in plasma magnesium levels 
occurs regardless of the diagnosis of asthma (Zervas et al. 2000). We have recently 
demonstrated that exhaled Na + and Cl - are elevated in exhaled condensates, of 
patients with CF, and correlate with the sweat test and the disease severity (Balint 
et al., unpublished observations). Recently a strong negative correlation between 
sputum Cl” concentrations and exhaled NO has been demonstrated in patients 
with PCD (Tamaoki et al. 2000), suggesting that airway mucociliary clearance 
impairment might be monitored by exhaled/nasal NO and exhaled Cl” levels. 


Hydrogen ions 

An acidic microenvironment upregulates NOS2 in macrophages through the 
activation of nuclear factor-«B (Bellocq et al. 1998), making NO release moder¬ 
ately pH dependent (Sheu et al. 2000). Elevated levels of lactic acid have been 
found in exhaled condensate in patients with acute bronchitis (Goncharova et al. 
1996), and exhaled condensate with a low pH is reported in patients with acute 
asthma (Hunt et al. 2000). Exhaled pH is free of salivary, nasal and gastric 
contamination and is not influenced by either airflow obstruction or by inhaled 
albuterol, but is increased by corticosteroid therapy. 


Proteins and cytokines 

Measurement and identification of proteins in exhaled condensate is contro¬ 
versial. It has been reported that the amount of protein in the breath condensate of 
eight healthy individuals ranged from 4pg to 1.4 mg, originating from the 
nasopharynx, oropharynx and lower airways (Scheideler et al. 1993). The same 
group has also reported the presence of interleukin (IL)-1(3, soluble IL2 receptor 
protein, IL6 and TNFa in exhaled breath condensate of patients with a variety of 
respiratory conditions (Scheideler et al. 1993). Recently, higher concentrations of 
total protein in exhaled condensate have been found in young smokers compared 
with non-smokers, whilst the levels of IL1J3 and TNFct were not different (Garey 
et al. 2000). We have found that IL8 levels in exhaled condensate are mildly 
elevated in stable CF, but are more than doubled in unstable CF patients 
compared with normal subjects. 


Summary and future directions 

Exhaled breath analysis has enormous potential as a non-invasive means of 
monitoring airway inflammation, oxidative stress and other conditions (for ex¬ 
ample metabolic disorders, bacterial and viral infections). The technique is simple 
for patients to perform and may be applied in neonates and patients with severe 
disease. Because the techniques are non-invasive it is possible to make repeated 
measurements without disturbing the system, in contrast to the invasive pro¬ 
cedures currently used. 
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There is a pressing need for the evaluation of these techniques in long-term 
clinical studies (Kharitonov and Barnes 2000a, 2001). Whether repeated meas¬ 
urements of exhaled markers will help in the clinical management of lung diseases 
needs to be determined by longitudinal studies relating exhaled markers to other 
measurements of asthma control- This is most advanced with the measurement of 
exhaled NO (Kharitonov and Barnes 2000a), but it is still uncertain whether 
routine measurement of exhaled NO will improve the clinical control of asthma in 
a cost-effective way. 


Profiles of mediators 

We have reviewed a large body of data on exhaled volatile gases and exhaled 
breath condensate (Kharitonov and Barnes 2001), which demonstrate different 
patterns of change m different pulmonary diseases. At the moment single exhaled 
markers are usually evaluated in isolation but, as indicated above, markers are 
affected differently in different diseases, and different markers vary in their 
sensitivity to certain manoeuvres, such as the effect of therapy. For example, 
asthma is characterized by a large increase in exhaled NO, a modest increase in CO 
and a moderate increase in exhaled 8-isoprostane, whereas COPD is characterized 
by little or no increase in exhaled NO and by larger increases in exhaled CO and 8- 
isoprostane. In contrast, CF patients typically have low exhaled NO concentra¬ 
tions and high levels of exhaled CO and 8-isoprostane. Exhaled NO appears to be 
sensitive to inhibition by low doses of inhaled corticosteroids in asthma, whereas 
exhaled CO and 8-isoprostane are much less sensitive to inhibition by corticoster¬ 
oids. These differences may be exploited in the future as more markers are 
characterized, with each disease having a characteristic profile or fingerprint of 
different markers that may be diagnostic. Treatments may also impose a char¬ 
acteristic effect on these markers and this may improve the specificity of treatment 
in the future, particularly as more potent and specific treatments become available. 


New markers 

It is likely that the possibilities for measurement of markers in exhaled breath 
are far greater than currently realized. It is clear that exhaled breath condensates 
contain many different molecules, including proteins. In fact, the application of 
proteomics, with high resolution two-dimensional gel electrophoresis and micro¬ 
analysis of protein spots, may allow the recognition of particular protein patterns 
in different diseases and may result in the recognition of new diagnostic proteins or 
therapeutic targets. New and more sensitive assays may also allow the detection of 
many other markers of inflammation and even specific fingerprints of activation of 
particular cell types within the respiratory tract, such as eosinophils, neutrophils, 
epithelial cells and macrophages. This could have far-reaching potential for the 
diagnosis and treatment of many airway diseases. 


References 

Adisesii, L. A., Kharitonov, S. A., Yates, D. H., Snashai., D. C., Newman-Taylor, A. j. and 
Barnes, P. J. 1998, Exhaled and nasal nitric oxide is increased in laboratory animal allergy. 
Clinical and Experimental Allergy , 28, S76-880. 


PM3006723610 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



Biomarkers of some pulmonary diseases in exhaled breath 23 

Andersson, J. A., Uddmax, R. and Cardell, L. O. 2000, Carbon monoxide is endogenously produced 
in the human nose and paranasal sinuses. Journal of Allergy and Clinical Immunology, 105 (2 part 
1), 269-273. 

ANONYMOUS. 1999, Recommendations for standardized procedures for the online and offline 

measurement of exhaled lower respiratory nitric oxide and nasal nitric oxide in adults and 
children. American Journal of Respiratory and Critical Care Medicine , 160(6), 210^—2117. 

Antczak, A., Nowak, D., Shariat], B-, Kroj., M., Piasgcka, G. and Kcrmanowska, Z. 1997, Increased 
hydrogen peroxide and thiobarbituric acid-reactive products in expired breath condensate of 
asthmatic patients. European Respiratory Journal, 10(6), 1235—1241. 

Axtuni, J. D., Du Bois, A. B., Ward, S., Cramer, D. S., Kharitonov, S. A. and Barnes, P. J. 1999a, 
Exhaled carbon monoxide may be a marker of deterioration of lung function in cryptogenic 
fibrosing alveolitis and scleroderma. American Journal of Respiratory and Critical Care Medicine, 
159, AS1. 

Antuni, J. D., Ward, S., Cramer, D. S., Kharitonov, S. A. and Barnes, P. J. 1999b, Uptake and 
elimination of exhaled carbon monoxide in patients with interstitial lung disease is related to the 
degree of impairment of carbon monoxide diffusion capacity. American Journal of Respiratory 
and Critical Care Medicine, 159, A86. 

Antuni, J. D., Kharitonov, S. A., Hughes, D., Hodson, M. E. and Barnes, P. J. 2000, Increase in 
exhaled carbon monoxide during exacerbations of cystic fibrosis. Thorax , 55(2), 138—142. 

Arese, M., Strasly, M., Ruva, C., Costamacna, C., Ghico, D., MacAllister, R., Verzetti, G., 
Tetta, C., Bosia, A. and BUSSOLIKO, F. 1995, Regulation of nitric oxide synthesis in uraemia. 
Nephrology, Dialysis , Transplantation, 10(8), 1386-1397. 

Artlich, A., Jonsson, B., Bhiladvaua, M., Lonnqvist, P. A. and Gustafsson, L. E. 2001, Single breath 
analysis of endogenous nitric oxide in the newborn. Biology of the Neonate, 79(1), 21—26. 

Aziz, I., Wilson, A. M. and Lipworth, B. J. 2000, Effects of once—daily formoterol and budesonide 
given alone or in combination on surrogate inflammatory markers in asthmatic adults. Chest, 
118(4), 10+9-1 OSS. 

Baldwin, S. R., Simon, R. H., Grum, C. M., Ketai, L. H., Boxer, L. A. and Devall, L. J. 1986, 
Oxidant activity in expired breath of patients with adult respiratory distress syndrome., Lancet, 
i(8471), 11-14. 

Balfour-Lynn, I. M., Laverty, A. and Dinwiddie, R. 1996, Reduced upper airway nitric oxide in cystic 
fibrosis. Archives of Disease in Childhood , 75, 319—322. 

Balint, B., Kharitonov, S. A., Hanazawa, T., Donnelly, L. E., Shah, P. L., Hodson, M. E. and 
Barnes, P. J. 2001, Increase nitrotyrosine in exhaled breath condensate in cystic fibrosis. 
European Respiratory Journal, 17, 1201—1207. 

Ballad, S. G., Adi, B. A., Albar, A. A., Ahmed, H. O. and al-Hasan, A. Y. 1998, Bronchial asthma in 
two chemical fertilizer producing factories in eastern Saudi Arabia. International Journal of 
Tuberculosis and Lung Disease, 2(4), 330-335. 

Baraldi, E., Azzolin, N. M., Zanconato, S., Dario, C. and Zacci-iello, F. 1997, Corticosteroids 
decrease exhaled nitric oxide in children with acute asthma. Journal of Pediatrics, 131(3), 381- 
385. 

Baraldi, E., Azzolin, N. M., CraCCO, A. and Zacchello, E. 1999a, Reference values of exhaled nitric 
oxide for healthy children 6—15 years old. Pediatric Pulmonology , 27(1), 54—58. 

Baraldi, E., Carra, S., Dario, C., Azzolin, N., Ongarro, R-, Marcer, G. and Zacchello, F. 1999b, 
Effect of natural grass pollen exposure on exhaled nitric oxide in asthmatic children. American 

Journal of Respiratoiy and Critical Care Medicine, 159, 262-266. 

Baraldi, E., Dario, C., Ongaro, R., Scollo, M., Azzolin, N. M., Panza, N., Paganini, N. and 
Zacchello, F. 1999c, Exhaled nitric oxide concentrations during treatment of wheezing 
exacerbation in infants and young children. American Journal of Respiratory and Critical Care 
Medicine, 159(4 Pt 1), 1284-1288. 

Baraldi, E., Scollo, M., Zaramella, C., Zanconato, S. and Zacchello, F. 2000, A simple flow-driven 
method for online measurement of exhaled NO starting at the age of 4 to 5 years. American 
Journal of Respiratoiy and Critical Care Medicine, 162(5), 1828-1832. 

Bartley, J., Fercusson, W., Moody, A., Wells, A- U- and Kolbe, J. 1999, Normal adult values, 
diurnal variation, and repeatability of nasal nitric oxide measurement. American Journal of 
Rhinology, 13(5), 401-405. 

Becher, G., Winsel, K., Beck, E., NeL’bauer, G. and StresemaNN, E. 1997, Breath condensate as a 
method of noninvasive assessment of inflammation mediators from the lower airways. 

Pneumologie, 51, Supplement 2, 456-459. 

Bellocq, A., Suberville, S., Philippe, C., Bertrand, F., Perez, J., Fouquerav, B., Cherqui, G. and 
Bald, L. 1998, Low environmental pH is responsible for the induction of nitric-oxide synthase 
in macrophages. Evidence for involvement of nuclear factor-kappaB activation. Journal of 
Biological Chemistry , 273, 5086—5092. 


PM3006723611 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



24 


•S'. Kharitonov and P. J. Barnes 


Berk, P. D., Rodkey, F. L., Blaschke, T. F., Colijsox, H. A. and Waggoner, J. G. 1974, Comparison 
of plasma bilirubin turnover and carbon monoxide production in man. Journal of Laboratory and 
Chounl Medicine, 83(1), 29—37. 

Biernacki, W., Kharitonov, S. A. and Barnes, P. J. 1998, Carbon monoxide in exhaled air in patients 
with lower respiratory tract infection. European Respiratory Journal, 12, 345S. 

Biernacki, W., Kharitonov, S. A. and Barnes, P. J. 1999, Exhaled carbon monoxide measurements can 
be used in general practice to predict the response to oral steroid treatment in patients with 
asthma. American Journal of Respiratory and Critical Care Medicine , 159, A631. 

Biscaard, H., Loland, L. and Oj, J. A. 1999, NO in exhaled air of asthmatic children is reduced by the 
leukotriene receptor antagonist montelukast. American Journal of Respiratory and Critical Care 
Medicine , 160(4), 1227-1231. 

Bratton, D. L., Laxz, M. J., Miyazawa, N., White, C. W, and Silkoff, P. E. 1999, Exhaled nitric 
oxide before and after montelukast sodium therapy in school-age children with chronic asthma: a 
preliminary study. Pediatric Pulmonology , 28(6), 402-407. 

Brett, S. J. and Evans, T. W. 1998, Measurement of endogenous nitric oxide in the lungs of patients 
with the acute respiratory distress syndrome. American Journal of Respiratory and Critical Care 
Medicine , 157, 993—997. 

Busi-I, A. 2000, Primary ciliary dyskinesia. Acta Oto-rhino-laryngologica Belgica, 54(3), 317—324. 

Chatkin, J. M-, Ansarin, K., Sii.ko, P. E., McClean, P., Gutierrez, C., Zamel, N. and Chapman, K. R. 
1999, Exhaled nitric oxide as a noninvasive assessment of chronic cough. American Journal Of 
Respiratory and Critical Care Medicine, 159(6), 1810-1813. 

Clini, E., Cremona, G., Campana, M., Scotti, C., Pagani, M., Bianchi, L., Giordano, A. and 
Amerosino, N. 2000, Production of endogenous nitric oxide in chronic obstructive pulmonary 
disease and patients with cor pulmonale. Correlates with echo-Doppler assessment. American 
Journal of Respiratory and Critical Care Medicine, 162(2 Pt 1), 446—450. 

Collins, C. E., Quagciotto, P-, Wood, L., O’Loughun, E. V., Henry, R. L. and Garg, M. L. 1999, 
Elevated plasma levels of F2 alpha isoprostane in cystic fibrosis. Lipids, 34(6), 551—556. 

Corradi, M., Mon'toschi, P., Donnelly, L. E., Pesci, A., Kharitonov, S. A. and Barnes, P. J. 2001, 
Increased nitrosothiols in exhaled breath condensate in inflammatory airway diseases. American 
Journal of Respiratory and Critical Care Medicine, 163(4), 854—858. 

Cox, G. M., Mukherjee, J., Cole, G. T., Casadevau., A. and Perfect, J. R. 2000, Urease as a virulence 
factor in experimental cryptococcosis. Infection and Immunity, 68(2), 443—448. 

CuLPtTT, S. V., Paredi, P., Kharitonov, S. A. and Barnes, P. J. 1998, Exhaled carbon monoxide is 
increased in COPD patients regardless of their smoking habit. American Journal of Respiratory 
and Critical Care Medicine , 157, A787. 

D’Acquisto, F., Sautebin, L., Iuvone, T_, Di Rosa, M. and Carnuccio, R. 1998, Prostaglandins 
prevent inducible nitric oxide synthase protein expression by inhibiting nuclear factor-kappaB 
activation in J774 macrophages, FEBS Letters, 440(1—2), 76—80. 

de Gouw, H. W., Grunberg, K., Schot, R-, Kroes, A. C., Dick, E. C. and Sterk, P. J. 1998, 
Relationship between exhaled nitric oxide and airway hyperresponsiveness following 
experimental rhinovirus infection in asthmatic subjects. European Respiratory Journal, 11(1), 
126-132. 

Dekhuijzen, P. N., Aben, K. K., Dekker, I., Aarts, L. P., Wielders, P. L., van, H. C. and Bast, A. 
1996, Increased exhalation of hydrogen peroxide in patients with stable and unstable chronic 
obstructive pulmonary disease. American Journal of Respiratory and Critical Care Medicine, 
154(3 Pt 1), 813-816. 

Delen, F. M., Sippel, J. M., Osborne, M. L., Law, S., Thukkani, N. and Holden, W. E. 2000, 
Increased exhaled nitric oxide in chronic bronchitis. Comparison with asthma and COPD. Chest, 

117,695-701. 

Deykin, A., Massaro, A. F., Coulston, E., Drazen, J. M. and Israel, E. 2000, Exhaled NO following 
repeated spirometry or repeated plethysmography in healthy individuals. American Journal of 
Respiratory and Critical Care Medicine, 161(4 Pt 1), 1237—1240. 

Don la ian, A. W., Black, H. R. and Royall, J. A. 1993, Expired breath hydrogen peroxide is a marker 
of acute airway inflammation in pediatric patients with asthma. American Review of Respiratory 
Disease, 148, 955-960. 

Dupont, L. J., DerieDTS, M. G. and Verleden, G. M. 1999, Prospective evaluation of the accuracy of 
exhaled nitric oxide for the diagnosis of asthma. American Journal of Respiratory and Critical 
Care Medicine, 159, A861. 

Dzhancdzina, D. M., Kllkybaev, G. A. and Saliaibaeya, B. M. 1999, Parameters of oxidative 
metabolism, neuro-humoral and hormonal regulation in the condensed exhaled air in early stages 
of anthracosilicosis. Meditsina Pruda i Promyshlennaia Ekologiia, 8, 13—16. 

Eiserici-i, J. P., Hristova, M., Cross, C. E., Jones, A. D., Freeman, B. A., Halliwell, B. and van- 
der, V. A. 1998, Formation of nitric oxide-derived inflammatory oxidants by myeloperoxidase in 
neutrophils. Nature, 391(6665), 393-397. 


PM3006723612 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



Biomarkers of some pulmonary diseases in exhaled breath 25 

Ekroos, H., Tl'OMIXEN, J. and SovijARVi, A. R. 2000, Exhaled nitric oxide and its long-term variation in 
healthy non-smoking subjects. Clinical Physiology, 20(6), 434—439. 

Emel’iaxov, A. V., Petrova, M. A., Lavrova, O- V., Gvleva, L. I., Dolcodvorov, A. F. and 
Ff.doseev, G. B. 1995, Disorders in mineral metabolism at different stages of the development of 
bronchial asthma. Terapei'ticheskii Arkh'm, 67(8), 45-4-7. 

Evans, T. G., Rasmussen, K-, Wierke, G. and Hibbs, J. B. J. 1994, Nitric oxide synthesis in patients 
with advanced HIV infection. Clinical and Experimental Immunology, 97(1), 83-86. 

Ferguson, E. A. and Eccles, R. 1997, Changes in nasal nitric oxide concentration associated with 
symptoms of common cold and treatment with a topical nasal decongestant. Acta 
Otolaryngologica, 117(4), 614—617. 

Frank, T. L., Adisesh, A., Pickering, A. C., Morrison, J. F. J., Wright, T., Francis, H., 
Fletcher, A., Frank, P. I. and Hannaford, P. 1998, Relationship between exhaled nitric oxide 
and childhood asthma. American Journal of Respiratory and Critical Care Medicine, 158, 1032- 
1036. 

Fujimoto, K., Kubo, K., Yamamoto, H., Yamaguchi, S. and Matsuzawa, Y. 1999, Eosinophilic 

inflammation in the airway is related to glucocorticoid reversibility' in patients with pulmonary 
emphysema. Chest, 115(3), 697-702. 

Gabazza, E. C., Taguchi, O., Tamaki, S., Murashima, 5., Kobayashi, H., Yasui, H-, Kobayashi, T., 
Hataji, O. and Adachi, Y. 2000, Role of nitric oxide in airway remodelling. Clinical Science, 
98(3), 291-294. 

Gargy, K. W-, Nguhauser, M. :V1., Rafice, A. L., Robbins, R. A., Danziger, L. H. and Rubinstein, I. 
2000, Protein, nitrite/nitrate, and cytokine concentration in exhaled breath condensate of young 
smokers. American Journal of Respiratory and Critical Care Medicine, 161, A175. 

Gichka, b. G., Briuzgina, T. S. and Reva, S. N. 1998, The gas chromatographic analysis of the fatty 
acids in the expired air in ischemic heart disease. Klinicheskcda Laboratornaia Diagnostika, 11, 3— 
6. 

Gomez, F. P., Barbera, J. A., Roca, J., Iglesia, R., Ribas, J., Barnes, P. J. and Rodriguez-Roisin, R. 
1998, Effect of nitric oxide synthesis inhibition with nebulized L-NAME on ventilation- 
perfusion distributions in bronchial asthma. European Respiratory Journal, 12(4), 865-871. 

Goncharova , V. A., Mamedov, D. T. and Dotse.nko, E. K. 1989, Biologically active substance levels in 
exhaled air from patients with pre-asthma and bronchial asthma. Sou Med, 5. 22—24- 

Goncharova, V. A., Borisenko, L. V., Dotse.nko, E. K. and Pokhaznikova, M. A. 1996, Kalliltrein- 
kinin indices and biological composition of exhaled condensate in acute bronchitis patients with 
varying disease course. Klinicheskaia Meditsina, 74(7), 46—18. 

Grasemann, H., Ioannidjs, 1., de Grocit, H. and Ratten, F. 1997, Metabolites of nitric oxide in the 
lower respiratory tract of children. European Journal of Pediatrics, 156(7), 575—578. 

Grasemann, H., Gaston, B., Fang, K... Paul, K.. and Ratjen, F. 1999, Decreased levels of nitrosothiols 
in the lower airways of patients with cystic fibrosis and normal pulmonary function. Journal of 
Pediatrics, 135(6), 770-772. 

GriESE, M., Koch, M., Latzin, P. and Beck, J. 2000, Asthma severity, recommended changes of 
inhaled therapy and exhaled nitric oxide in children: a prospective, blinded trial. European 
Journal of Medical Research, 5(8), 334-340. 

Guo, F. I-I., Comhair, S. A., Zheng, S., Dweik, R. A., Eissa, N. T., Thom assent, M. J., Calhoun, W. 

and Erzurum, S. C. 2000, Molecular mechanisms of increased nitric oxide (NO) in asthma: 
evidence for transcriptional and post-translational regulation of NO synthesis. Journal of 
Immunology, 164(11), 5970—5980. 

GustafSSOn, L. E. 1998, Exhaled nitric oxide as a marker in asthma. European Respiratory Journal 
Supplement, 26, 49S—52S. 

Gustafsson, L. E., Leone, A. M., Persson, M. G., Wiklund, N. P. and Moncada, S. 1991, 
Endogenous nitric oxide is present in the exhaled air of rabbits, guinea pigs and humans. 
Biochemical and Biophysical Research Communications , 181(2), 852—857. 

Hamid, Q,, Sprincall, D. R., Riveroe-Morf.no, V., Cmanf,z, P., Howarth, P. H., Rr.dington, a., 
Bousquet, J., Godard, P., EIolgate, S. and Polak, J. M. 1993, Induction of nitric oxide 
synthase in asthma. Lancet, 342, 1510—1513. 

Kanazawa, T., Kharitonov, S. A. and Barnes, P. J. 2000a, Increased nitrotyrosine in exhaled breath 
condensate of patients with asthma. American Journal of Respiratory and Critical Care Medicine, 
162(4), 1273-1276. 

Hanazawa, T., Kharitonov, S. A., Oldfield, W., Kay, A. B. and Barnes, P. J. 2000b, Nitrotyrosine 

and cysteinyl leukotrienes in breath condensates are increased after withdrawal of steroid 
treatment in patients with asthma. American Journal of Respiratory and Critical Care Medicine, 
161, A919. 

Heard, S. O., Longtime, K... Toth, 1., Puyana, J. C., Potenza, B. and Smyrnios, N. 1999, The 
influence of liposome-encapsulated prostaglandin El on hydrogen peroxide concentrations in the 
exhaled breath of patients with the acute respiratory distress syndrome. Anesthesia and Analgesia, 
89(2), 353-357. 


PM3006723613 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



26 


S. Kharitonov and P. J. Barnes 


HfcNRIKSEN, A. H., LinGAAS-Holmen, T., Sl'E-Chu, M. and Bjermer, L. 2000, Combined use of exhaled 
nitric oxide and airway hvperresponsiveness in characterizing asthma in a large population 
survey. European Respiratory* Journal, 15, 849—85 5. 

Ho, L- P., Inn'es, J. A. and Greening, A. P. 1998, Nitrite levels in breath condensate of patients with 
cystic fibrosis is elevated in contrast to exhaled nitric oxide. Thorax, 53(S), 680—684. 

Holden, W. E., Wilkins, J. P., Harris, M., Milczuk, H. A. and Giraud, G. D. 1999, Temperature 
conditioning of nasal air: effects of vasoactive agents and involvement of nitric oxide. Journal of 
Applied Physiology , 87(4), 1260-1265. 

Horvath, I., Donnelly, L. E., Kiss, A., Kharitonov, S. A., Lim, S., Chung, F. K. and Barnes, P. J. 
1998a, Combined use of exhaled hydrogen peroxide and nitric oxide in monitoring asthma. 
American Journal of Respiratory and Critical Care Medicine , 158(4), 1042—1046. 

Horvath, I., Loukides, S., Wodeiiouse, T., Kharitonov, S. A., Cole, P. J. and Barnes, P. J. 1998b, 
Elevated levels of exhaled carbon monoxide in bronchiectasis: a new marker of oxidative stress. 

Thorax, 53, 867-870. 

Hunt, J., Byrns, R. E., Ignarro, L. J. and Gaston, B. 1995, Condensed expirate nitrite as a home 
marker for acute asthma. Lancet, 346(8984), 1235-1236. 

Hunt, J. F., Fang, K., Malik, R., Snyder, A., Malhotra, N., Platts-Mills, T. A. and Gaston, B. 
2000, Endogenous airway acidification. Implications for asthma pathophysiology. American 
Journal of Respiratory and Critical Care Medicine, 161(3 Pt 1), 694—699. 

IciIiNOSE, M., Sugiura, H., Yaiuagata, S., Koarai, A. and Shirato, K. 2000, Increase in reactive 
nitrogen species production in chronic obstructive pulmonary disease airways. American Journal 
of Respiratory and Critical Care Medicine. , 162(2), 701—706. 

Ignatova, G. L., Volchegorskii , I. A., Volkova, E. G., Kazachkov, E. L. and Kolesnikov, O. L. 
1998, Lipid peroxidation processes in chronic bronchitis. Terapevticheskii Arkhiv, 70(3), 36-37. 

Ishiee, Y., Liu, R., Hirosawa, J., Kawamura, K., Yamasaki, K. and Saito, N. 2000, Exhaled nitric 
oxide level decreases after cardiopulmonary bypass in adult patients. Critical Care Medicine, 
28(12), 3823-3827. 

Jatakanon , A., Kharitonov, s. A., Lim, S. and Barnes, P. J. 1999, Effect of differing doses of inhaled 
budesonide on markers of airway inflammation in patients with mild asthma. Thorax, 54(2), 1 OS- 
114. 

Jatakanon, A., Lim, S. and Barnes, P. J. 2000, Changes in sputum eosinophils predict loss of asthma 
control. American Journal of Respiratory and Critical Care Medicine, 161(1), 64—72. 

Jenkins, H. S., Devalia, J. L-, Mister, R. L., Bevan, A. M., Rusznak, C. and Davies, R. J. 1999, The 
effect of exposure to ozone and nitrogen dioxide on the airway response of atopic asthmatics to 
inhaled allergen. Dose- and time- dependent effects. American Journal of Respiratory and Critical 
Care Medicine, 160(1), 33—39. 

Jobsis, Q., Raatgeep, H. C., Sciiellekens, S. L., Hop, W. C. J., Hermans, P. W. M. and de Jongste, J. C. 
1998, Hydrogen peroxide in exhaled air of healthy children: reference values. European 
Respiratory Journal, 12, 483—485. 

J6bsis, Q., Raatgeep, H. C., Sciiellekens, S. L., Kroesbergen, A., Hop, W. C. and de Jongste, J. C. 
2000, Hydrogen peroxide and nitric oxide in exhaled air of children with cystic fibrosis during 
antibiotic treatment. European Respiratory Journal, 16(1), 95-100. 

Kharitonov, S. A. 1999a, Exhaled nitric oxide and carbon monoxide in asthma. European Respiratory 
Journal , 9(68), 212-218. 

Kharitonov, S. A. 1999b, F.xhaled nitric oxide and carbon monoxide in respiratory diseases other than 
asthma. European Respiratory Journal , 9(68), 223—226. 

Kharitonov, S. A. and Barnes, P. J. 1997, Nasal contribution to exhaled nitric oxide during exhalation 
against resistance or during breath holding. Thorax, 52(6), 540—544. 

Kharitonov, S. A. and Barnes, P- J. 2000a, Clinical aspects of exhaled nitric oxide. European 
Respiratory Journal, 16(4), 781—792. 

Kharitonov, S. A. and Barnes, P. J. 2000b, Exhaled ammonia in asthma, cystic fibrosis and upper 
respiratory tract infection. American Journal of Respiratory and Critical Care Medicine, 161, 
A307. 

Kharitonov, S. A. and Barnes, P. J. 2001, Exhaled markers of pulmonary disease. American Journal of 
Respiratory and Critical Care Medicine, 163(7), 1693-1722. 

Kharitonov, S. A., Logan-Sinclair, R. B-, Busset, C. M. and Siiinebourne, E. A. 1994a, Peak 
expiratory nitric oxide differences in men and women: relation to the menstrual cycle. British 
Heart Journal, 72, 243-245. 

Kilaritonov, S. A., Yates, D. H., Robbins, R. A., Logan-Sinclair, R., Siiinebourne, E. A. and 
Barnes, P. J- 1994b, Increased nitric oxide in exhaled air of asthmatic patients. Lancet, 
343(8890), 133-135. 

Kharitonov, S. A., Lueec, G., Llbec, B., Hjelm, M. and Barnes, P. J. 1995a, L-Arginine increases 
exhaled nitric oxide in normal human subjects. Clinical Science, 88(2), 135-139. 


PM3006723614 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 





Biomarkers of some pulmonary diseases in exhaled breath 11 

Kharitonov, S. A., O’Connor, B. J., Evans, D. J. and Barnes, P. J. 1995b, Allergen-induced late 
asthmatic reactions are associated with elevation of exhaled nitric oxide. American Journal of 
Respiratory and Critical Care Medicine , 151(6), 1894—1899. 

Kharitonov, S. A., Robbins, R. A., Yates, D. H., Keatings, V. and Barnes, P. J. 1995c, Acute and 
chronic effects of cigarette smoking on exhaled nitric oxide. American Journal of Respiratory and 
Critical Care Medicine, 152{2), 609-612. 

Kharitonov, S. A., Wells, A. U., O’Connor, B. J., Cole, P. J., Hansell, D. M., Logan-Sinclair, R. B. 
and Barnes, P. J. 1995d, Elevated levels of exhaled nitric oxide in bronchiectasis. American 
Journal of Respiratory and Critical Care Medicine, 151(6), 1889-1893. 

Kharitonov, S. A., Yates, D, H. and Barnes, P. J. 1993e, Increased nitric oxide in exhaled air of 
normal human subjects with upper respiratory infections. European Respiratory' Journal, 8, 295- 
297. 

Kharitonov, S. A., Barnes, P. J. and O’Connor, B. J. 1996a, Reduction in exhaled nitric oxide after a 
single dose of nebulised budesonide in patients with asthma. American Journal of Respiratory and 
Critical Care Medicine, 153, A799. 

Kharitonov, S. A., Chung, F. K., Evans, D. J., O'Connor, B. J. and Barnes, P. J. 1996b, The elevated 

level of exhaled nitric oxide in asthmatic patients is mainly derived from the lower respiratory 
tract. American Journal of Respiratory and Critical Care Medicine, 153, 1773—1780. 

Kharitonov, S. A., Yates, D. H. and Barnes, P. J. 1996c, Inhaled glucocorticoids decrease nitric oxide 
in exhaled air of asthmatic patients- American Journal of Respiratory and Critical Care Medicine, 
153, 454-457. 

Kharitonov, S. A., Yates, D. H., Chung, K. F. and Barnes, P. J. 1996d, Changes in the dose of inhaled 
steroid affect exhaled nitric oxide levels in asthmatic patients. European Respiratory Journal , 9, 
196-201. 

Kharitonov, S. A., Alving, K. and Barnes, P. J. 1997a, Exhaled and nasal nitric oxide measurements, 
recommendations, European Respiratory Journal, 10, 1683-1693. 

Kharitonov, S. A., Cailes, J. B., Black, C. M., Du Bois, R. M. and Barnes, P. J. 1997b, Decreased 
nitric oxide in the exhaled air of systemic sclerosis patients with pulmonary hypertension. 
Thorax, 52, 1051—1055. 

Kharitonov, S. A., Paredi, P. and Barnes, P. J. 1998a, Reproducibility of exhaled carbon monoxide 
measurements and its circadian variation in normal subjects. American Journal of Respiratory and 
Critical Care Medicine, 157, A613. 

Kharitonov, S. A., Sapienza, M. A., Barnes, P. J. and Chung, K. F 1998b, Prostaglandins E 2 and F 2 Q 
reduce exhaled nitric oxide in normal and asthmatic subjects irrespective of airway calibre 
changes. American Journal of Respiratory and Critical Care Medicine , 158, 1374—1378. 

Kharitonov, S. A., Donnelly, L_ E., Corradz, M., Montuschi, P. and Barnes, P. J. 2000a, Dose- 
dependent onset and duration of action of 100/400 |tg budesonide on exhaled nitric oxide and 
related changes in other potential markers of airway inflammation in mild asthma. American 
Journal of Respiratory and Critical Care Medicine, 161, A186. 

Kharitonov, S. A., Lim, S., Hanazawa, T., Chung, F. K. and Barnes, P. J. 2000b, Exhaled carbon 
monoxide derives predominantly from alveoli in healthy non-smokers, smokers and mild stable 
asthmatics, but also from asthmatic airways after allergen challenge. American Journal of 
Respiratory and Critical Care Medicine, 161, A584. 

Khyshiktueva , N. A. and KhyshiKtUEV, B. S. 1998, Prenatal diagnosis of fetal hypoxia based on lipid 
peroxidation values m exhaled air condensate. Kdinzckeskaia Labor atornaia Lhagnostika, 1, 21—22. 

Khyshiktyev, B. S., Khyshiktueva, N. A., Ivanov, V. N., D arenskaia , S. D. and Novikov, S. V. 1994, 
Diagnostic value of investigating exhaled air condensate in lung cancer. Voprosy Onkologii , 40(4— 
6), 161-164. 

Khyshiktuev, B. S., Khyshiktueva, N. A. and Ivanov, V. N. 1996, Methods of measuring lipid 
peroxidation products in exhaled air condensate and their clinical significance. Klinicheskaia 
Labor atornaia Diagnostika, 3, 13—15. 

Kirsch, E. A., Yuhanna, I. S., Chen, Z., German’, Z., Sherman, T. S. and Shaul, P. W. 1999, Estrogen 
acutely stimulates endothelial nitric oxide synthase in H441 human airway epithelial cells. 
American Journal of Respiratory and Critical Care Medicine, 20(4), 658-666. 

Kobayashi, H., Takamashi, Y., Mitsufuji, H., Hataishi, R., Cui, T., Tanaka, N., Kawaka.ah, T. and 
Tomita, T. 1999, Decreased exhaled nitric oxide in mild persistent asthma patients treated with 
a leukotriene receptor antagonist, pranlukast. Japanese Journal of Physiology, 49(6), 541—544. 

Komar, S. I., Korobeinikova, E. N. and Evdokimova, E. V. 1996, Lipids in the exhaled air condensate 
of pneumonia patients- IClinicheskaia Laboratornaia Diagnostika, 6, 24—27. 

Kcrjk, M. V., Rolik, L. V., Parkhomenko, 24. V., Tarakiiax , L. I. and Savitskaia, N. V. 1987, 
Physical properties of a condensate of exhaled air in chronic bronchitis patients. Vrach Delo, 7, 
37-39. 

Lanz, M. J., Leung, D. Y. and White, C. W. 1999, Comparison of exhaled nitric oxide to spirometry 
during emergency treatment of asthma exacerbations with glucocorticosteroids in children. 
Annals of Allergy, Asthma and Immunology, 82, 161-164. 


PM3006723615 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 




28 


S. Kharitonov and P. J. Barnes 


Larfars, G., Lantoine, F-, Devynck, M- A., Palmblad, J. and Gtllenhammar, H. 1999, Activation of 
nitric oxide release and oxidative metabolism by ieukotrienes B4, C4, and D4 in human 
polymorphonuclear leukocytes. Blood, 93(4), 1399—1405. 

Lases, E. C., Dlukkens, V. A., Gerritsen, W. B. and Haas, F. j. 2000, Oxidative stress after lung 
resection therapy: a pilot study. Chest , 117(4), 999—1003. 

Leff, A. R. 2000, Role of Ieukotrienes in bronchial hyper responsiveness and cellular responses in 
airways. American Journal of Respiratory and Critical Care Medicine, 161(2 Pt 2), S125-S1.32. 

Lehtimaki, L-, Turjanmaa, V., Kankaanra.mta, H., Saarelaixen, S., Hahtola, P. and Moilanen, E. 
2000, Increased bronchial nitric oxide production in patients with asthma measured with a novel 
method of different exhalation flow rates. Annals of Medicine, 32(6), 417—423. 

Lim, S., Jatakanon, A., John, M. t Gjlbey, T., O’Connor, B. J. and Barnes, P. J. 1999, Effect of inhaled 
budesonide on lung function and airway inflammation- American Journal of Respiratory and 
Critical Care Medicine, 159, 22-30. 

Lim, S., Groneberc, D., Fjscfier, A., Oates, T., Caramori, G., Mattos, W., Adcock, I., Barnes, P. J. 
and ChUNG, K. F. 2000, Expression of heme oxygenase isoenzymes 1 and 2 in normal and 
asthmatic airways. Effect of inhaled corticosteroids. American Journal of Respiratory and Critical 
Care Medicine, 162(5), 1912-1918. 

Lipworth, B. J., Dempsey, O. J., Aziz, I. and Wilson, A. M. 2000, Effects of adding a leufcotriene 
antagonist or a long-acting beta(2)-agonist in asthmatic patients with the glycine-16 beta(2)- 
adrenoceptor genotype. American Journal of Medicine, 109(2), 114—121. 

Little, S. A., Chalmers, G. W., MacLeod, K. J., McSharrv, C. and Thomson, N. C. 2000, Non- 
mvasive markers of airway inflammation as predictors of oral steroid responsiveness in asthma. 

Thorax, 55(3), 232-234. 

Lm, C. Y-, Wang, C. H., Chen, T. C., Lin, H. C., Yu, C. T. and Kuo, H. P. 1998, Increased level of 
exhaled nitric oxide and up-regulation of inducible nitric oxide synthase in patients with primary 
lung cancer. British Journal of Cancer, 78(4), 534—541- 

Long, R., Light, B- and Talbot, J. A. 1999, Mycobacteriocidal action of exogenous nitric oxide. 
Antimicrobial Agents and Chemotherapy , 43(2), 403-405. 

Loukides, S., Horvath, I., Wodefiouse, T., Cole, P. J. and Barnes, P. J. 1998a, Elevated levels of 
expired breath hydrogen peroxide in bronchiectasis. American Journal of Respiratory and Critical 
Care Medicine, 158, 991-994. 

Loukides, S., Kharitonov, S. A., WodehOltSE, T_, Cole, P. J. and Barnes, P. J. 1998b, Effect of l- 
argmme on mucociliary function in primary ciliary dyskinesia. Lancet, 352(1), 371—372. 

Loveless, M. O., Phillips, C. R., Giraud, G. D. and Holden, W. E. 1997, Decreased exhaled nitric 
oxide in subjects with HIV infection. Thorax, 52(2), 185—186. 

Ludviksdottir , D., Janson, C., Hogman, M., Hedenstrom, H., Bjornsson, E. and Boman, G. 1999, 
Exhaled nitric oxide and its relationship to airway responsiveness and atopy in asthma. BUR 
Study' Group. Respiratory Medicine, 93(8), 552-556. 

Lund, M. B., OkSne, P. I., Hamre, R. and Koncerud, J. 2000, Increased nitric oxide in exhaled air: an 
early' marker of asthma in non-smoking aluminium p otroom workers? Occupational and 
Environmental Medicine, 57(4), 274—278. 

Lundberc, J. O. and Weitzberg, E. 1999, Nasal nitric oxide in man. Thorax, 54(10), 947-952. 

Massaro, A. F., Gaston, B., Kita, D., Fanta, C., Stamler, J. S. and Drazen, J. M. 1995, Expired 
nitric oxide levels during treatment of acute asthma. American Journal of Respiratory and Critical 
Care Medicine, 152(2), S00—803. 

Maziak, W., Loukides, S., Culpitt, S. V., Sullivan, P., Kharitonov, S. A. and Barnes, P. J. 1998, 
Exhaled nitric oxide in chronic obstructive pulmonary' disease. American Journal of Respiratory 
and Critical Care Medicine, 157(3), 998-1002. 

McKnight, G. M., Smith, L. M., Drummond, R. S., Duncan, C. W., Golden, M. and Benjamin, N. 
1997, Chemical synthesis of nitric oxide in the stomach from dietary nitrate in humans. Gut, 
40(2), 211-214. 

Montuschi , P., Ciabattoni, G-, Paredi, P., Pantelidis, P., Du Bois, R. M., Kharitonov, S. A. and 
Barnes, P. j. 1998, 8-Isoprostane as a biomarker of oxidative stress in interstitial lung diseases. 
American Journal of Respiratory and Critical Care Medicine, 158, 1524-1527. 

Montuschi, P., Corradi, M., Ciabattoni, G., Nightingale, J., Kharitonov, S. A. and Barnes, P. J. 
1999, Increased 8-isoprostane, a marker of oxidative stress, in exhaled condensate of asthma 
patients. American Journal of Respiratory and Critical Care Medicine , 160(1), 216-220. 

Montusciii, P., Collins, J. V., Ciabattoni, G., Lazzeri, N., Corradi, M., Kharitonov, S. A. and 
Barnes, P. J. 2000a, Exhaled 8-isoprostane as an in vivo biomarker of lung oxidative stress in 
patients with COPD and healthy smokers. American Journal of Respiratory and Critical Care 
Medicine, 162, 1175-1177. 

Montuschi, P., Kharitonov, S. A., Ciaba - itonj, G., Corradi, M., van Rensen, L., Geddes, D. M., 
Hodson, M. E. and Barnes, P. J. 2000b, Exhaled 8-isoprostane as a new non-invasive biomarker 
of oxidative stress in cystic fibrosis. Thorax, 55(3), 205—209. 


PM3006723616 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



Biomarkers of some pulmonary diseases in exhaled breath 


29 


Moodley, Y. P., Cmetty, R. and Lalloo, U. G. 1999, Nitric oxide levels in exhaled air and inducible 
nitric oxide synthase immunolocalization in pulmonary sarcoidosis. European Respiratory’ 
Journal, 14(4), 822-827. 

Moody, A., Fergusson, W., Welds, A., Bartley, J. and Kolbe, J. 2000, Increased nitric oxide 
production in the respiratory tract in asymptomatic Pacific Islanders: an association with skin 
prick reactivity to house dust mite. Journal of Allergy and Clinical Immunology, 105(5), 895-899. 

Mozaleyskii, A. F., Trayianko, T. D., Iakovlev, A. A., Smirnova, E. A., Novikova, N. P. and 
Safa, 3. I. 1997, Content of arachidonic acid metabolites in blood and saliva of children with 
bronchial asthma. Ukrainskii Biokhimicheskii Zhurnal, 69(5-6), 162—168. 

Muller, T. and Gebel, S. 1998, The cellular stress response induced by aqueous extracts of cigarette 
smoke is critically dependent on the intracellular glutathione concentration. Carcinogenesis, 
19(5), 797-801. 

Murphy, A. W_, Platts, M. T., Lobo, M. and Hayden, F. 1998, Respiratory nitric oxide levels in 
experimental human influenza. Chest , 114(2), 452—156. 

Nightingale, J. A., Rogers, D. F. and Barnes, P. j. 1998, Effect of repeated sputum induction on cell 
counts in normal volunteers. Thorax , 53(2), 87—90. 

Nightingale, J. A., Rogers, D. F. and Barnes, P. J. 1999, Effect of inhaled ozone on exhaled nitric 
oxide, pulmonary function, and induced sputum in normal and asthmatic subjects. Thorax , 
54(12), 1061-1069. 

Nikberg, I. I., Murashko, V. A. and Leonenko, I. N. 1972, Carbon monoxide concentration in the air 
exhaled by the healthy and the ill, Vrach Delo, 12, 112-114. 

Norwood, D. M., WaINmaN, T., LlOV, P. J. and Waldman, J. M. 1992, Breath ammonia depletion and 
its relevance to acidic aerosol exposure studies. Archives of Environmental Health , 47(4), 309—31 3. 

Nowak, D., Antczak, A., Krol, M., Pietras, T., Shariati, B., Bialasiewicz, P., Jeczkowski, K. and 
Kula, P. 1996, Increased content of hydrogen peroxide in the expired breath of cigarette 
smokers. European Respiratory Journal, 9(4), 652—657. 

Nowak, D., Kasielski, M., Pietras, T., Bialasiewicz, P. and Antczak, A. 1998, Cigarette smoking 
does not increase hydrogen peroxide levels in expired breath condensate of patients with stable 
COPD. Monaldi Archives for Chest Disease, 53(3), 268-273. 

O’Donnell, D. M., Moynihan, J., Finlay, G. A., Keatings, V. M., O'Connor, C. M-, McLoughlin, P. 
and Fitzgerald, M. X. 1997, Exhaled nitric oxide and bronchoalveolar lavage nitrite/nitrate in 
active pulmonary sarcoidosis. American Journal of Respiratory and Critical Care Medicine, 
156(6), 1892-1896. 

Olin, A. C., Ljungkvist, G., Bake, B., Hacberc, S., He.yrikssox, L. and Token, K. 1999, Exhaled 
nitric oxide among pulpmill workers reporting gassing incidents involving ozone and chlorine 
dioxide. European Respiratory Journal, 14(4), 828-831. 

Palm, J., Lidman, C., Graf, P., Alving, K. and Lundberg, J. 2000, Nasal nitric oxide is reduced in 
patients with HIV. Acta Otoiaryngologica, 120(3), 420—423. 

Papi, A., Romagnolz, M., Baraldo, S-, Braccioni, F-, Guzzinati, I., Saetta, M-, Ciaccia, A. and 
Faebri, L. M. 2000, Partial reversibility of airflow limitation and increased exhaled NO and 
sputum eosinophilia in chronic obstructive pulmonary disease. American Journal of Respiratory 
and Critical Care Medicine, 162(5), 1773—1777. 

Parameswaran, K., Pizzichini, E., Pizzicpiini, M. M., Hussack, P., Efthimiadis, A. and 
Hargkeave, F. E. 2000, Clinical judgement of airway inflammation versus sputum cell counts 
in patients with asthma. European Respiratory Journal, 15(3), 486—490. 

Paredi, P., LoukiDgs, S., Ward, S., Cramer, D., Spicer, M., Kharitonov, S. A. and BaRNES, P. J. 1998, 
Exhalation flow and pressure-controlled reservoir collection of exhaled nitric oxide for remote 
and delayed analysis. Thorax, 53(9), 775—779. 

Paredi, P., Biernacki, W., Invernizzi, G., Kharitonov, S. A. and Barnes, P. j. 3 999a, Exhaled carbon 
monoxide levels elevated in diabetes and correlated with glucose concentration in blood: a new 
test for monitoring the disease? Chest, 116, 1007—1011. 

Paredi, P., Kharitonov, S. A., Lqgkides, S., Pantelidis, P., Du Bois, R. M. and Barnes, P. J. 1999b, 
Exhaled nitric oxide is increased in active fibrosing alveolitis. Chest, 115, 1352—1356. 

Paredi, P., Shah, P. L., Montusctii, P., Sullivan, P., Hodson, M. E., Kharitonov, S. A. and 
Barnes, P. J. 1999c, Increased carbon monoxide in exhaled air of cystic fibrosis patients. Thorax , 
54, 917-920. 

Paredi, P., Kharitonov, S. A., Leak, D., Shah, P. L., Cramer, D., Hodson, M. E. and Barnes, P. J. 
2000, Exhaled ethane is elevated in cystic fibrosis and correlates with CO levels and airway 
obstruction. American Journal of Respiratory' and Critical Care Medicine, 161(4 Pt 1), 1247—1253. 

Pgrsson, M. G. and Gustafsson, L. E. 1992, Ethanol can inhibit nitric oxide production. European 
Respiratory Journal, 224(1), 99-100. 

Phillips, C. R.., Giraud, G. D. and Holden, W. E. 1996, Exhaled nitric oxide during exercise: site of 
release and modulation by ventilation and blood flow .Journal of Applied Physiology , 80(6), 1865— 
1871. 


PM3006723617 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



30 


S. Kharitonov and P. J. Barnes 


PlACEXTINI, G. L , BodJNI, A-, CoSTELLA , S., V ICE NT! XI, L., Mazzi, P., Suzuki, Y., Perqni, D. and 
Boner, A, I- 5000a, Exhaled nitric oxide in asthmatic children exposed to relevant allergens: 
effect of flunisolide. European Respiratory Journal, 15, 730—734. 

Piacentini, G. L., Bodixi, A., Costella, S-, Vicentini, L., Suzuki, Y. and Boner, A. L. 2000b, Exhaled 
nitric oxide is reduced after sputum induction in asthmatic children. Pediatric Pulmonology, 
29(6), 430-433. 

Prokhorova, M. N., Briuzgina, T. S., Umanets, T. R., Sokolova, I. V. and Rev a, S. N. 1 998, The use 
of noninvasive biological means in assessing lipids in children. Klinicheskaia Labor at ornaia 
Diagnostika , 7, 13—15. 

Purokivi, M., Randell, J., Hirvonen, M. R. and T ukjaixen, H. 2000, Reproducibility of 
measurements of exhaled NO, and cell count and cytokine concentrations in induced sputum. 
European Respiratory Journal, 16(2), 242—246. 

Reinhold, P., Langgnberg, A., Becher, G. and Rothe, M. 1999, Breath condensate - a medium 
obtained by a noninvasive method for the detection of inflammation mediators of the lung. 
Berliner und Munchener Tierarztliche Wochenschrift , 112(6—7), 254—259. 

Robbins, R. A., Floreani, A. A., Von Essen, S. G., Sisson, J. H., Hill, G. E., Rubinstein, I. and 
Townley, R. 1 996, Measurement of exhaled nitric oxide by three different techniques. American 
Journal of Respiratory and Critical Care Medicine, 153, 1631—1635. 

Rolla, G., Colagrande, P., Scappatjcci , E., Chiavassa, G., Dutto, L., Cannizzo, S., Bucca, C., 
Morello, M., Bergerone, S., Bardini, D., Zaccagna, A., Puiattt, P., Fava, C. and Cortese, G. 
2000, Exhaled nitric oxide in systemic sclerosis: relationships with lung involvement and 
pulmonary hypertension. Journal of Rheumatology, 27(7), 1693-1698. 

Rutgers, S. R., van der Mark TW, Coers, W., Moshage, H., Timens, W., Kauman, H. F., Ko and 
Postma, D. S. 1999, Markers of nitric oxide metabolism in sputum and exhaled air are not 
increased in chronic obstructive pulmonary disease. Thorax, 54(7), 576-580. 

Saetta, M., Di, S. A., Maesthelli , P., Turato, G., Ruggieri, M. P., Roggeri, A., Calcagni, P., 
Mapp, C. E., CiaCCia, A. and Fabbri, L. M. 1994, Airway eosinophilia in chronic bronchitis 
during exacerbations. American Journal of Respiratory and Critical Care Medicine, 150(6 Pt 1), 
1646-1652. 

Saleh, D., Barnes, P. j. and Giaid, A. 1997, Increased production of the potent oxidant peroxynitrite in 
the lungs of patients with idiopathic pulmonary fibrosis. American Journal of Respiratory and 
Critical Care Medicine, 155(5), 1763—1769. 

Saleh, D., Ernst, P., Lim, S., Barnes, P. J. and Giaid, A. 1998, Increased formation of the potent 
oxidant peroxynitrite in the airways of asthmatic patients is associated with induction of nitric 
oxide synthase: effect of inhaled glucocorticoid. FASEB Journal, 12(11), 929-937. 

Sapienza, M. A., Kharitonov, S. A., Horvath, I., Chung, K. F. and Barnes, P. J. 1998, Effect of 
inhaled 1-arginine on exhaled nitric oxide in normal and asthmatic subjects. Thorax, 53(3), 172— 
175. 

Saura, M., Zaracoza, C., McMillan, A., Quick, R. A., Hohenadl, C., Eowenstein, J. M. and 
Lowgnstein, C. J. 1999, An antiviral mechanism of nitric oxide: inhibition of a viral protease. 
Immunity, 10(1), 21-28. 

Scharte, M., Bone, H. G., Van Aken, H. and Meyer, J. 2000, Increased CO in exhaled air of critically 
ill patients. Biochemical and Biophysical Research Communications, 267(1), 423—426. 

Scheideler, L-, Manke, H. G., Schwulera, U., Inacker, O. and PIammerle, H. 1993, Detection of 
nonvolatile macromolecules in breath- A possible diagnostic tool? American Reviezo of 
Respiratory Disease, 148(3), 77S-7S4. 

Smeu, F. S., Zhu, W. and Fung, P. C. 2000, Direct observation of trapping and release of NO by 
glutathione and cysteine with electron paramagnetic resonance spectroscopy. Biophysical 
Journal, 78(3), 1216-1226- 

Sidorenko, G. I., Zborovskji, E. I. and Levina, D. I. 1980, Surface-active properties of the exhaled air 
condensate (a new method of studying lung function). Terapevticheska Arkhiv, 52(3), 65-68. 

Silkoff, P. E., McClean, P. A., Slutsky, A. S., Furlott, H. G., Hoffstein, E., Wakita, S., 
Chapman, K. R., SZALAI, J. P. and Za.MEL, N. 1997, Marked flow-dependence of exhaled nitric 
oxide using a new technique to exclude nasal nitric oxide. American Journal of Respiratory and 
Critical Care Medicine, 155(1), 260—267. 

Silkoff, P. E., McClean, P. A., Slutsky, A. S., Caramori, ML, Chapman, K. R., Gutierrez, C. and 
Zamel, N. 1998, Exhaled nitric oxide and bronchial reactivity during and after inhaled 
beclomethasone in mild asthma. Journal of Asthma, 35, 473—479. 

Silkoff, P. E., Wakita, S., Ciiatkix, J., Ansarin, K., Gutierrez, C., Caramori, MI., McClean, P., 
Slutsky, A. S., Zamel, N. and Chapman, K. R. 1999, Exhaled nitric oxide after beta2-agonist 
inhalation and spirometry in asthma. American Journal of Respiratory and Critical Care Medicine, 
159, 940-944. 

Simpson, A., Custovic, A., Pipis, S., Adisesh, A., Faragher, B. and Woodcock, A. 1999, Exhaled nitric 
oxide, sensitization, and exposure to allergens in patients with asthma who are not taking inhaled 
steroids. American Journal of Respiratory and Critical Care Medicine, 160(1), 45-49. 


PM3006723618 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



Biomarkers of some pulmonary diseases in exhaled breath 31 

SlPPEL, j. VI., Giraud, G- D. and HOLDEN, W. E. 1999, Nasal administration of the nitric oxide synthase 
inhibitor l-NAME induces daytime somnolence. Sleep , 22(6), 786—788. 

Sovijarv], A. R. A., Saarinen, A., Helix, T., Malmberg, P., Haahtela, T., Lixholm, H. and 
Laitixen, L. A. 1 998, Increased nitric oxide in exhaled air in patients with asthmatic symptoms 
not fulfilling the functional criteria of asthma. European Respiratory Journal, 12, 431S. 

Spanel, P., Davies, S. and Smith, D. 1 998, Quantification of ammonia In human breath by' the selected 
ion flow tube analytical method using PRCri and 0 2 + precursor ions. Rapid Communications in 
Mass Spectrometry, 12(12), 763—766. 

Stamler, J. S. 1995, S-nitrosothioIs and the bioregulatory actions of nitrogen oxides through reactions 
with thiol groups. Current Topics in Microbiology and Immunology , 196, 19—36. 

Steerenberg, P. A., Snelder, J. B., Fischer, P. H., Vos, J. G., van Loveren, H. and 
van Amsterdam, J. G. C. 1999, Increased exhaled nitric oxide on days with high outdoor air 
pollution is of endogenous origin. European Respiratory Journal, 13, 334—337. 

Stewart, T. E., Valenza, F., Rjbeiro, S. P., Wener, A. D., Volgyesi, G., Mullen, J. B. and 
Slutsky, A. S. 1995, Increased nitric oxide in exhaled gas as an early marker of lung 
inflammation in a model of sepsis. American Journal of Respiratory and Critical Care Medicine, 
151,713-718. 

Stirling, R. G., Kharitonov, S. A., Campbell, D., Robinson, D., Durham, S. R., Chung, K. F. and 
Barnes, P. J. 1998, Exhaled NO is elevated in difficult asthma and correlates with symptoms and 
disease severity despite treatment with oral and inhaled corticosteroids. Thorax, 53, 1030—1034. 

Stirling, R. G., 1mm, S., Kharitonov, S. A., Chung, F. K. and Barnes, P. J. 2000, Exhaled breath 
carbon monoxide is minimally elevated in severe but not mild atopic asthma. American Journal of 
Respiratory and Critical Care Medicine, 161, A922. 

Su, Y., Han, W,, Giraldo, C., De Li, Y. and Block, E. R. 1998, Effect of cigarette smoke extract on 
nitric oxide synthase in pulmonary artery endothelial cells. American Journal of Respiratory and 
Critical Care Medicine, 19, 819-825. 

Takahasi-ji, H., Kuroki, Y., Tanaka, H., Saito, T., Kurokawa, K., Chiba, H., Sagawa, A., Nagae, H. 
and Abe, S. 2000, Serum levels of surfactant proteins A and D are useful biomarkers for 
interstitial lung disease in patients with progressive systemic sclerosis. American Journal of 
Respiratory and Critical Care Medicine, 162(1), 258—263. 

Tamaoki, J., Taira, M-, NiSHIMURA, K., Nakata, J. and Nag A], A. 2000, Impairment of airway 
mucociliary' transport in patients with sinobronchial syndrome: role of nitric oxide. Journal of 
Aerosol Medicine, 13(3), 239—244. 

ten Hasken, N. H. T., van der Vaart, H., van der Mark, T- W., KoEter, G. H- and Postma, D. S. 
1998, Exhaled nitric oxide is higher both at day and night in subjects with nocturnal asthma. 
American Journal of Respiratory and Critical Care Medicine , 158, 902—907. 

Thomas, S- R-, Kharitonov, S. A., Scon", S. F., Hodson, M. E. and Barnes, P. j. 2000, Nasal and 
exhaled nitric oxide is reduced in adult patients with cystic fibrosis and does not correlate with 
cystic fibrosis genotype. Chest, 117(4), 1085—1089. 

Tsoukias, N. M. and George, S. C. 1998, A two-compartment model of pulmonary nitric oxide 
exchange dynamics. Journal of Applied Physiology, 85(2), 653—666. 

Uasuf, C. G., Jatakanon, A., James, A., Kharitonov, S. A., Wilson, N. M. and Barnes, P. J. 1999, 
Exhaled carbon monoxide in childhood asthma. Journal of Pediatrics, 135(5), 569-574. 

van Amsterdam, J. G., Verlaan, A. P-, van Loveren, H_, Vos, S. G., Opperhuizen, A. and 
Steerenberg, P. A. 1999a, The balloon technique: a convenient method to measure exhaled NO 
in epidemiological studies. International Archives of Occupational Environmental Health , 72(6), 
404-407. 

van Amsterdam, J. G., Verlaan, B. P., van Loveren, H-, Elzakker, B. G., Vos, S. G. ( Opperhuizen, A. 
and Steerenberg, P. A. 1999b, Air pollution is associated with increased level of exhaled nitric 
oxide in nonsmoking healthy' subjects. Archives of Environmental Health, 54(5), 331—335. 

van Amsterdam, J. G., Nierkens, S-, Vos, S. G., Opperhuizen, A., van Loveren, H. and Steerenberg, 
P. A, 2000, Exhaled nitric oxide: a novel biomarker of adverse respiratory health effects in 
epidemiological studies. Archives of Environmental Health, 55(6), 418-423. 

a'an Der, V. A., Eiserich, }. P., Shicenaca, M. K. and Cross, C. E. 1999, Reactive nitrogen species and 
tyrosine nitration in the respiratory' tract. Epiphenomena or a pathobiologic mechanism of 
disease? American Journal of Respiratory and Critical Care Medicine, 160(1), 1—9. 

van Rensex, E. L., Straathof, K. C., Veselic-Charvat, iVL A., Zwindermax, A. H., Bel, E. FI. and 
Sterk, P. J. 1999, Effect of mhaled steroids on airway hyperresponsiveness, sputum eosinophils, 
and exhaled nitric oxide levels in patients with asthma. Thorax, 54(5), 403-408. 

Verleden, G. M., Dupont, L. J., Verpeut, A. C. and Demedts, M. G. 1999, The effect of cigarette 
smoking on exhaled nitric oxide in mild steroid-naive asthmatics. Chest, 116(1), 59—64. 

Voloziiin, A. I., Panin, M. G., Gnativ, T. V., Sel’tsovskaia, G. D-, Sidel’nikova, G. M. and 
Perova, L. A. 1998, The effect of hyperbaric oxygenation on the urea content of the saliva in 
acute and chronic soft-tissue inflammation in the maxillofacial area. Patologicheskaia Fiziologiia i 
EksperimentaVnaia Terapiia, 4, 20—22. 


PM3006723619 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



32 


S. Kharitonov and P. /. Barnes 


Von Essen, S. G., SchepperS, L. A., Robbins, R. A. and Donham, K. J. 1998, Respiratory tract 
inflammation in swine confinement workers studied using induced sputum and exhaled nitric 
oxide- Journal of Clinical Toxicology, 36(6), 557-565. . . 

von Pohle, W. R., AnhOI.M, J. I 1 . and McMillan, J. 1992, Carbon dioxide and oxygen partial pressure 
in expiratory water condensate are equivalent to mixed expired carbon dioxide and oxygen. 

Chest, 101(6), 1601-1604. 

Vreman, H- J., Baxter, I. M., Stone, R. T. and Stevenson, D. K. 1996, Evaluation of a fully 
automated end-tidal carbon monoxide instrument for breath analysis. Clinical Chemistry , 42(1), 
50-56. 

Vysotsku, V. G. 1975, Comparative characteristics of poly- and monomeric protein nutrition in relation 
to space flight. Kosm Biol Aviakosm Med, 9(3), 23—28. 

Wang, C. H., Lru, C. Y., Lin, H. C., Yu, C. T. p Chung, K. F. and Kuo, H. P. 1998, Increased exhaled 
nitric oxide in active pulmonary tuberculosis due to inducible NO synthase upregulation in 
alveolar macrophages. European Respiratory Journal, 11(4), 809—815- 

Wecmsler, M. E., Grasemann, H., Devkin, A., Silierman, E. K., Yandava, C. N., Israel, E., 
Wand, M. and Drazen, J. M. 2000, Exhaled nitric oxide in patients with asthma. Association 
with NO SI genotype. American Journal of Respiratory and Critical Care Medicine , 162, 2043- 
2047. 

Wilson, A. M., Orr, L. C., Sims, E. J., Dempsey, O. J. and Lipworth, B. J. 2000, Antiasthmatic effects 
of mediator blockade versus topical corticosteroids in allergic rhinitis and asthma. American 
Journal of Respiratory and Critical Care Medicine , 162(4 Pt 1), 1297—1301. 

Withers, jN | Bale, K. L. and Laszlo, G. 1 998, Levels of exhaled nitric oxide as a screening tool for 
undiagnosed asthma: results of a pilot study. European Respiratory Journal, 12, 393S. 

Yamaya, M., Sekizawa, K., Ishizuka, S., Momma, M., Mizuta, K. and Sasaki, H. 1998, Increased 
carbon monoxide in exhaled air of subjects with upper respiratory tract infections. American 
Journal of Respiratory and Critical Care Medicine, 158(1), 311—314. 

Yates, D. H., Kharitonov, S. A., Robbins, R. A., Thomas, P. S. and Barnes, P. J. 1995, Effect of a 
nitric oxide synthase inhibitor and a glucocorticosteroid on exhaled nitric oxide. American 
Journal of Respiratory arid Critical Care Medicine, 152(3), 892-896. 

Yates, D. H., Kharitonov, S. A., Robbins, R. A., Thomas, P. S. and Barnes, P. J. 1996a, The effect of 
alcohol ingestion on exhaled nitric oxide. European Respiratory Journal, 9(6), 1130-11 33. 

Yates, D. H., Kharitonov, S. A., Thomas, P. S. and Barnes, P. J. 1996b, Endogenous nitric oxide is 
decreased in asthmatic patients by an inhibitor of inducible nitric oxide synthase. American 
Journal of Respiratory and Critical Care Medicine, 154, 247—250. 

Yates, D. H., Kharitonov, S. A. and Barnes, P. J. 1997, Effect of short- and long-acting inhaled beta2- 
agonists on exhaled nitric oxide in asthmatic patients. European Respiratory Journal, 10(7), 14S3— 
1488. 

Zayasu, K., Sekizawa, K., Okinaca, S., Yamaya, M. and Sasaki, H. 1997, Increased carbon monoxide 
in exhaled air of asthmatic patients. American Journal of Respiratory and Critical Care Medicine, 
156, 1140-1143. 

Zervas, E., Loukjdes, S., Fapatheodorou , G., Psathakis, K., Tsinoiris, K., Panagou, P. and 
Kalogeropoulos , N, 2000, Magnesium levels in plasma and erythrocytes before and after 
histamine challenge. European Respiratory Journal, 16(4), 621—625. 

Zetterouist, W., Pedroletti, C., Lundberg, J. O. N. and Alving, K. 1999, Salivary contribution to 
exhaled nitric oxide. European Respiratory Journal, 13, 327—333. 


PM3006723620 


Source: https://www.industrydocuments.ucsf.edu/docs/phbj0001 



